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SIMULATION OF A CALIFORNIA RANGE-FEEDLOT OPERATION 
by 


A. N. Haltert/ and G. W. Dean’! 


PART I 


INTRODUCTION 


The problems of decision making under uncertainty have been widely recog- 
nized and discussed by economists and others. However, relatively little prog- 
ress has been made in methods of systematically providing managers with improved 
decision-making processes for an uncertain environment. The usual approach has 
been one of maximizing some single objective of the firm, such as profit, under 
the simplifying assumption of perfect knowledge of the many variables in the sys- 
tem. The problem of uncertainty, if recognized at all, is handled through partial 
supplementary analyses, such as by "sensitivity analyses" in linear programming 
studies. While such partial approaches are undoubtedly useful, more attention 
is now being given to attacking the problem of uncertainty directly. One prom- 
ising approach is statistical decision theory! Another approach is through 
computer simulation of various management decisions made under the full range of 
uncertainty encountered in reality. 


if Professor of Agricultural Economics, Oregon State University; Visiting 
Associate Professor of Agricultural Economics, University of California, Davis, 
California, February to July 1964. 

2/ Associate Professor of Agricultural Economics and Associate Economist in 
the Experiment Station and in the Giannini Foundation, University of California, 
Davis, California. 

3/ See: Heady, Earl 0., and Wilfred Candler, Linear Programming Methods, 
Ames: Iowa State University Press, 1960, Chapters 7 and 8; and Petit, J. A., 
and G. W. Dean, Economics of Farm Feedlots, Berkeley: University of California, 
Agricultural Experiment Station Bulletin No. 800, May 1964, ‘bp. 

4/ See: Halter, A. N., "A Review of Decision-Making Literature with a View 
of Possibilities for Research in Decision-Making Processes of Western Ranches," 
Economic Research in the Use and Development of Range Resources, Conference of 
the Committee on Economics of Range Use and Development, Laramie, Wyoming, July 
22 and 23, 1963. 


Objectives of Report 


The purpose of this report is to present the results of an attempt to use 
computer simulation to improve the managerial decisions on a large California 
cattle ranch. The ranch is located in the foothill range area on the west side 
of the Sacramento Valley. The two most important sources of uncertainty facing 
the operation are (1) weather (primarily rainfall, temperature, and wind condi- 
tions) which affects the quantity, quality, and time distribution of range for- 
age, and (2) prices of factors and products (primarily prices of feeder cattle 
and fat cattle, but also of feed). 


The primary objective of this report is illustrative and methodological: 
The authors will demonstrate that computer simulation can be applied success- 
fully and realistically in improving decisions made under uncertainty by farm 
operators and managers. It will be demonstrated that the philosophy and approach 
to management expressed in Professor Forrester's book Industrial Dynamic 4 can 
be helpful in conceptualizing the management problem in agriculture. Further- 
more, it will be demonstrated that a particular computer simulation language 
called DYNAMO is applicable to farm management problems. Because the conceptual 
and mechanical problems involved in setting up a DYNAMO program for an agricul- 
tural production situation are numerous and complex, a sizable appendix to the 
report is devoted to their detailed d@iscussion.© This appendix should prove 
especially useful to agricultural economists who might attempt to formulate 
other DYNAMO simulation models in the future. 


The secondary objective of the report is to present the empirical results 
which were obtained through the simulation of the California range-feedlot op- 
eration. No attempt is made to investigate in full detail all aspects of the 
total decision process on the study ranch. Instead, the major decisions concern- 
ing the buying of feeder cattle for the range and feedlot are analyzed by sim- 
lating alternative buying decision rules over a joint distribution of price and 
weather conditions. Other aspects of the total decision process also are con- 
sidered with suggestions as to how they might be incorporated in a more complete 
empirical study. 


1/ Forrester, J. W., Industrial Dynamics, Cambridge, Massachusetts, M.I.T. 
Press, 1961. 

a/ For more detail see: Pugh, Alexander L., III, DYNAMO User's Manual, Cam-~ 
bridge, Massachusetts, M.I.T. Press, 1963. 
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The remainder of the report is divided into three sections. Part II intro- 
duces the analytical approach to the study. Part III presents a description of 
the ranch situation and problem. Part IV summarizes an analysis of the results 
obtained from the computer runs of the model. A final section points out the 
implications of the study to other farm management problems and to other economic 
problems. 


PART II 
INDUSTRIAL DYNAMICS 


The study of industrial organizations from a systems-engineer's point of 
view has been denoted "industrial dynamics" by its founder J. W. Forrester .+ 
The emphasis of industrial dynamics is upon the time-varying behavior of the 
structure and components of an industrial organization. The principal feature 
of the structure of an industrial organization is its decision-making and infor- 
mation-feedback characteristic. The components which determine the dynamic be- 
havior of an organization are the time delays in decisions and actions, the am- 


plification in policies, and their interactions. 


These basic ideas can be illustrated by a simple nonindustrial example with 
which automobile drivers are femiliar.© Figure 1 shows the interaction among 
the feedback of information obtained by the eye from viewing the street, the de- 
cision making between the eye and the hand, control between the hand and the 


steering wheel, and the amplification between the steering wheel and the auto. 


The delay in feedback of information and the time involved in the subse- 
quent decision making and control are so short that it is hardly noticeable to 
the competent driver. A time plot of the actual behavior around the desired 
path for most drivers would show rather small oscillations. The time path for 
a competent driver might appear as the oscillating solid line in Figure 2. The 
straight solid line is the desired path of travel. 


Suppose now that the driver were blindfolded and that a companion seated 
next to him is included in the feedback mechanism. Then the delay between the 
eye and the hand would be considerably longer, for the information would have to 


1/ Forrester, loc. cit. 
e/ Example based on discussion in Forrester, op. cit., pp. 14-15. 
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FIGURE 1. Information-Feedback Mechanism for Driving 
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Steering lification 
wheel 


Behavior 





Control 


Decision ae 
7 
qo <- 


Delay in feedback 


FIGURE 3. Information-Feedback Mechanism for Driving an 
Automobile Blindfolded 





be spoken by the companion and heard by the driver before a decision could be 


made and control exercised. The structure appears in Figure 3. 


The driver hearing his companion telling him first to turn left and then to 
turn right would likely overcompensate his control which could lead to larger and 
larger deviations between the actual and desired path. The time plot of the be- 
havior of the auto might look like the dotted line in Figure e. 


Still more erratic would be the actual behavior if the companion could see 
only through the rear window. This according to Forrester is the situation in 
business. Management can clearly see only what has happened in the past, and 
provide instruction to the organization after a delay in accumulation of infor- 
mation and subsequent decision making. It is understandable how management over- 
compensates in its control, which may eventually lead to amplification of previ- 


ous errors. 


Industrial dynamics as an approach to improved management traces the cause 
and effect information feedback loops that link decisions to action in an indus- 
trial organization. A mathematical model of decision rules, information sources 
and other interactions among the components of an industrial system are formulated, 
and the model's behavior through time is generated on a digital computer. This 
is the simulation aspect of industrial dynamics. The validity of the model is 
tested by comparing computer results with all pertinent available knowledge about 
the actual system. Generally the model is revised by increments until it is an 


acceptable representation of the real system. 


When an acceptable representation of the real system is achieved, then those 
organizational relationships and decision rules which are feasible to alter in 
the actual system are redesigned. The behavior of the redesigned system is tested 
by simulation on the computer. Comparison of new results with the former will 
provide the validity tests of recommended improvements in the system. There is 
no optimizing procedure built directly into the industrial dynamics approach or 
its tools, the philosophy being that social and economic systems are so complex 
that an optimum for the entire system is difficult or impossible to attain. Hence, 
improvements are made in increments. 


As a means of applying the industrial dynamics approach to real problems, 
experts at the Massachusetts Institute of Technology developed a simulator lan- 
guage and computer program. This package is called DYNAMO. DYNAMO is a computer 
language which is relatively easy to understand and learn; i.e., at least as easy 
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as FORTRAN. DYNAMO runs on IBM 7090 series machines. The program is a precom- 
piler in that it checks first for errors. It is a compiler and object program 
in one in that it takes only one pass on the computer to get both tabulated and 
plotted results. 


Structure of a DYNAMO Model 


The structure of a DYNAMO model is basically quite simple in that it con- 
sists of three interconnected components. These components are levels, decisions 
or rates, and auxiliaries. Levels are accumulations of rates; decisions control 
the rates of flow between levels, and auxiliaries are intervening variables that 
are used for writing the rate equations. The interconnections between rates and 
levels are shown diagramically in Figure 4. The solid lines represent flows of 
materials, goods, inputs or outputs, etc., while the dotted lines represent flows 
of information. The valve symbol represents points of decision that regulate the 
rates of flow between the levels. Information concerning the levels is used to 
make the decisions which regulate the flows. Other information concerning exo- 
geneous factors may influence the decisions and hence the rates of flow. Exam- 
ples of levels in the range-feedlot problem are the inventories of cattle on range 
and cattle on feed. An example of a rate is the flow of animals being placed on 
the range as controlled by the buying decision. Auxiliaries are variables such 
as range conditions and cattle prices which influence the rates of flow between 
the levels. 


One aspect of the problem which is of upmost importance but is poorly shown 
by the diagram is the time dependent nature of the decision variables (rates of 
flow per unit of time). This dependence can be illustrated by describing the 
time sequence of computation in terms of levels, auxiliaries and rates. The pro- 
cedure by which the computer calculates these variables is to move through time 
in discrete steps and calculate all the variables at each step. The diagram in 
Figure 5 shows the procedure graphically. The present time for which calculations 
are being made is called K. The length of time between calculations is denoted 
DT. The previous time, i.e., one DI ago, is called J and the future time is 
called L. The level equations are calculated first from information about levels 
at time J and rates over the interval JK. Next auxiliaries are calculated from 
information about levels and other auxiliaries at time K and rates over the in- 
terval JK. Finally rates for the forthcoming interval KL are calculated from 


levels and auxiliaries at time K and rates over the interval JK. After evaluation 


“T= 


Output 


Input 





FIGURE 4. Interconnections between Levels and Rates of a 
DYNAMO Model 
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FIGURE 5. Calculation of Levels, Auxiliaries, and Rates 
through Time 





at time K of levels, rates and auxiliaries, time is indexed forward, i.e., the 
J, K, L positions in Figure 5 move one time interval to the right. The K posi- 
tion is now J, L is K and a new L is indexed. The sequence of calculations can 
then be repeated to obtain new values of the variables from information about 
the old values. The computer in this way traces the course of the model through 
time as the levels lead to decisions and actions that in turn affect the levels. 
Thus, the interaction of the variables and their time dependency are effected. 


The above discussion is to provide the reader with an idea of the approach 
of industrial dynamics and DYNAMO simulation. Appendix A provides a more de- 
tailed presentation of DYNAMO methodology. The research worker who wishes to 
formulate simulation models of new situations using DYNAMO should also find Ap- 
pendix B helpful in that it presents the equations af the DYNAMO model of the 
range-feedlot operation described in Part III. 


PART III 


DESCRIPTION OF RANCH SITUATION AND PROBLEM 


This section of the report provides a general description of the ranch situ- 
ation and problem. First, the ranch resources and present mode of operation are 
described, and a summary of nonfeed costs presented. Second, the management 
problem to be modeled is discussed. Finally, a more detailed description of the 
managerial decision processes and the approach to be taken in simulating them is 


given. 


Information about the ranch resources, costs, and decision processes of man- 
agement was obtained in a series of interviews with the three managers of the 
ranch. The interviews were open-ended and were intended to probe into the ra- 
tionale behind each of the major decisions. 


Resources and Description of Ranch Operation 


The ranch operation is based on two quite distinct sets of fixed resources: 
(1) foothill rangeland of nearly 25,000 acres and (2) a feedlot of 5,000 head ca- 
pacity, a feedmill and other equipment associated with it. The entire operation 
is organized as a corporation, the stock of which is held in two families. Three 
femily members form the management of the corporation, with a division of respon- 


sibilities as follows: One member manages the feedlot operation, including all 
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the problems of feeding, changing rations, etc. Another member is primarily re- 
sponsible for the range operation as well as some general responsibilities in 
buying and selling. The third member has primary responsibility in buying and 
selling, plus some general responsibilities regarding overall management. The 
three men work closely together and most major decisions made by one individual 


receive concurrence from the other two members. 


The management rents the rangeland in various sized parcels under leases 
with six different owners. The feedlot, mill, and associated equipment, as well 
as the machinery and equipment required for the rangeland operations, are owned 
by the management. Though the rangeland and the feedlot represent rather dis- 
tinct resource situations, the two components are merged into one operating unit. 
The decisions with respect to both components are made by the same management 
with a view to profit (or other objectives) for the entire Operation, not for 
either alone. Thus, the operations are highly interdependent, and both units 
are operated somewhat differently than would be typical for a range operation 
or feedlot operated independently. 


The general scheme of operation is to start buying feeder cattle at an av- 
erage weight of about 465 pounds in October for the rangeland. The management 
continues to buy feeders during the succeeding months through February, adjust- 
ing the stocking rate on range according to weather conditions. In a year of 
average or normal weather conditions, the stocking level is about 4,000 head 
during the winter months when the range forage supply is at its maximum. As 
the range feed supply diminishes due to grazing and dryer weather in the spring, 
the management brings the feeders off the range and into the feedlot at a rate 
determined primarily by range conditions. Gains obtained on range are relatively 
inexpensive. Hence, the strategy used is to attempt to adjust the removal rate 
in such a way as to utilize fully the range grass supply. Only a minimum number 
of light calves (about 1,200 head) are carried on the range through the summer. 
The average length of time that the feeders are on range is four to five months. 
Gains on range average about one pound per day; hence, cattle move to the feed- 


lot at an average weight of about 600 pounds. 


About 1,950 acres of the rented rangeland are suitable to barley production, 
with a grain crop harvested every third year. The range-barley operation re- 


quires two men full time and an extra man during the winter period. 


After most of the feeders have been transferred to the feedlot, the manage- 


ment decides in May and June whether and how many cattle should be purchased 
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directly for the feedlot. Because the feedlot capacity is about 5,000 head and 
the rangeland capacity around 4,000 head under typical weather conditions, an 
average mumber bought is around 1,000 head. The May-June buying decision is pri- 
marily a function of the remaining capacity in the feedlot, the price of feeders, 
and the expected price of slaughter animals about five months later. 


The feeding period extends from February to November, with an average feed- 
ing period of 145 days. No attempt has been made to adapt the lot to heavy win- 
ter feeding. In the Sacramento Valley, with heavy winter rains, this would ne- 
cessitate a large investment in concrete slabs in the pens in order to eliminate 
muddy lots. The lot, therefore, is either emptied during the winter months or 
only partially filled with a few cattle (perhaps 500-1,000 head) fed through the 
winter on a contract basis for other cattle owners. Winter contract feeding has 
been excluded from the analysis in this study. 


Six alternative rations have been formlated (Table 1), starting with a 
relatively high percentage of hay and a relatively low energy value (ration #1) 
and successively increasing the barley and energy value of the ration through 
ration #6. The feeder animals brought to the lot are fed this sequence of ra- 
tions, the exact number of days on each dependent upon their weight, condition, 
and desired marketing time. Typically, a new lot of feeders is fed loose hay 
for two to three days, followed by ration #1 for seven to ten days and ration #2 
for ten to twenty days. Then the animals are fed rations #3, #4, and #5 in 
order to put the animals on high concentrate ration #6 as soon as possible, 
given the weight of the animal. The management feels that 90 days is the maxi- 
mum length of time an animal should be fed ration #6 because of possible diges- 
tive disturbances. Typically, the animals are fed rations #3, #4, and #5 over 
a period of 40 to 60 days and are fed ration #6 for about 60 to 80 days. The 
average feeding period is about 145 days. 


The rations are batch mixed, utilizing a system of overhead storage bins 
for the feed components. Rolled barley is purchased frequently (daily during 
heavy feeding periods) and delivered to the farm in a truck owned by the feed- 
lot. Beet pellets, protein supplement, molasses, and fat also are delivered 
periodically and stored in bins and tanks. Alfalfa hay and almond hulls are 
purchased or contracted locally and are usually bought in the period of heavy 
production and stored near the feedmill. 


The feedlot manager determines daily the ration number and quantity to be 
fed to each lot of cattle, depending upon their weight, condition, and the 
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TABLE 1 


Sequence of Rations Fed 






Ration number 





Alfalfa hay 






Almond hulls 







Beet pulp pellets 


Rolled barley 







Protein supplement 


Molasses 








Fat 






Total ration 






Net energy per 1,000 
pounds feed a/ 






a/ Net energy estimates for individual feeds from: Morrison, Frank B., Feeds 
and Feeding, The Morrison Publishing Co., 2lst ed., pp. 1135-1142. 
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quantity of the ration consumed on the previous day. Two men carry out the feed- 
ing on a twice-a-day schedule. One man breaks bales and runs the mill and batch 
mixer. The second man runs a self-unloading truck from the mill to the lots. Each 
trip takes about five minutes and the entire feeding operation is accomplished in 
two to three hours twice a day. In addition, a cowboy works about 60 percent of 
his time in the feedlot sorting out sick cattle for special treatment. 


Gains in the feedlot average about 2.75 pounds per day, with a marketing 
weight of about 1,000 pounds after shrink. Feed conversion over the total feed- 
ing period averages about nine pounds of feed per pound of gain. The management 
has an arrangement with a particular packer to take most of the animals at mar- 
ket price at the end of feeding period. The packer is called about two weeks be- 
fore the desired sale date. If the packer cannot receive cattle at that time, 
the management sells to other packers. Grade performance of the cattle has been 
about 75 percent choice and 25 percent good. Management attempts to feed to the 
low choice grade. 


Nonfeed Costs 


The nonfeed costs for an operation of this size are substantial, even though 
the initial cost of the feeders and the feed costs are by far the largest cost 
items in the range-feedlot operation. Most of the nonfeed costs are fixed irre- 
gardless of the number of animals placed on range or fed. Some nonfeed costs such 
as direct cash expenses in the feedlot and interest on operating capital are a 
function of the number of head fed. 


The nonfeed cost items for the operation are summarized in Table 2. In 
this operation, the nonfeed costs are primarily nondeferable cash costs. That 
is, the rangeland is rented on a cash basis and most of the operating capital is 
borrowed; thus, rent and interest in this operation are cash costs. This is in 
contrast to many cases where the operator owns the rangeland and furnishes 
his own operating capital; in such cases the associated costs are primarily non- 
cash opportunity costs. The study ranch is operated as a corporation which pays 
the three officers each a salary of about $10,000 per year. Profits remaining 
after all costs are paid afe retained in the corporation or eventually paid out 
to the family stockholders through dividends. Because corporation dividends are 
double taxed, the latter alternative is seldom employed. 
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TABLE 2 


Summary of Nonfeed Costs 


Average annual 
Cost item cost & 


Rental for 24,740 acres of rangeland (six leases) 


Labor cost on range (two men, full time; one man 40 
percent of time) 


Nonlabor direct cash expenses on range (gas, oil, 
fuel, vet, medicine, transportation, etc.) 


Depreciation, interest, taxes, and insurance 
feedlot and mill 


Depreciation, interest, taxes, and insurance 
trucks, tractors, and equipment 


Labor cost in feedlot (two men, full time; one man 
60 percent of time) 


Nonlabor direct cash expenses in feedlot (brand in- 
spection, gas, oil, power, repairs, vet, medicine, 
supplies, and telephone) = $4.80 per head 


Interest at six percent on borrowed capital for 
cattle operation 


Nonallocable overhead expenses of the entire range- 
feedlot (gas, oil, fuel, repair for management ve- 
hicles and general equipment, overhead foreman labor, 
supplies, and salaries of three corporation officers 
at $10,000 each) 





a/ Items 7 and 8 based on average numbers in lot and on range. In sections 
reporting empirical results these are adjusted to the actual numbers in 
each case. 
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Income other than direct cattle sales is from barley produced on 650 acres 
of the rangeland and from manure sales from the lot. Income from these sources 
is shown in Table 3. 


Statement of the Management Problem 


The general description of the range-feedlot operation suggests the presence 
of a number of important managerial decision points. It would be impractical to 
include every decision point explicitly in a simulation model. Instead, certain 
key decisions have been chosen for analysis -- those which in the minds of the 
ranch management and the authors are among the most critical in determining the 


success of the firm. 


First among these decisions are the rates at which feeders are purchased for 
the range during the fall and winter green forage period and the rates at which 
the feeders are subsequently transferred from the range to the feedlot for fin- 
ishing.2/ These decisions are primarily a function of range conditions as they 
develop through the winter and spring. Second among the critical decisions are 
the rates of buying of feeders directly for the feedlot in May and June. These 
buying decisions are a function both of actual and expected cattle prices and of 
the number of animals remaining on the range. All of these decisions are made 
in an environment about which management has imperfect knowledge. The most im- 


portant variables which determine this environment are weather and prices. 


Management's major problem is to devise decision policies which lead to 
fuller satisfaction of the objectives of the firm. The principal objectives of 
this particular firm relate to the level and stability of income. Specifically, 
management wants to raise the mean level of income without increasing the in- 
stability of income and the risk of insolvency. The simulation approach to im- 
proving managerial decisions toward this end is as follows: First, the computer 
model simulates the uncertain price and weather environment within which deci- 
sions are made. In total, some 400 years of range conditions and price relation- 
ships are simulated. Then, alternative decision policies are tested by simlat- 
ing their performance over the 400-year distribution of price-range conditions. 


A policy is judged to be more successful than another if (a) it raises the mean 


1/ Because the feedlot and rangeland are operated jointly, management does 
not sell feeders directly off the range. 
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TABLE 3 
Income from Sources Other than Cattle Sales 


Average 
annual 
item 


return 


1. Barley sales (650 acres x one ton per acre 

x $43.00 per ton) 27,950! 
2. Manure sales (5,000 cubic yards at $1.00 per 

yard ) 5,000 


a/ Based on average yields and prices. 
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income while the variance in income is held constant or lowered, or (b) it lowers 


the variance of income while raising or holding constant the mean level of income. 


Environmental Conditions and Their Simulation 


The first aspect of the simulation model described above is to generate an 
approximation to the actual range environment. Another aspect of the model is 
to provide for some historical sequence of prices. Since the generation of the 
range conditions is considerably more complex than the price aspect, it is singled 
out for detailed discussion. 


Range Conditions 


Because no historical record of range conditions on the study ranch exists, 
data on range conditions in the Sacramento Valley on the first of each month were 
obtained from published reports of the U.S. Crop Reporting Service for the years 
1922-1964 (Appendix Table C-1). These data are based on an index of 100 repre- 
senting "very good" conditions for that time of year, with 80 about "average" and 
60 considered "poor." It is assumed that this index for the Sacramento Valley 
accurately represents the range feed supply on the study | The monthly 
indexes of range conditions are summarized in Table 4, The number in each cell 
of the series of matrices shows the frequency of actual transition of range con- 
ditions from month to month over the relevant green forage period. For example, 
over the 42 years of observations, the range condition on December 1 took values 
between 66 to 75 (slightly below average) in ten years (top matrix, Table }). 

In four of these years, the range condition one month later (on January 1) re- 
mained in the same 66 to 75 interval, in four other years the range condition 
worsened to the 56 to 65 range, in one year it improved to the 76 to 85 range, 
and in still another year it improved to the 86 to 95 interval. The other en- 
tries and matrices are interpreted likewise, showing the changes in range condi- 
tions from month to month. As might be expected, in most of the matrices the 
entries tend to be concentrated around the diagonal, reflecting the fact that 
range conditions tend to change only a limited amount from month to month. 


The actual monthly range conditions were summarized in this way to provide 


a basis for devising a sampling procedure in the computer simulation model which 
i Thus, feed supply is taken to be a linear function of the range index. 
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January 1 


Range condition index, 


Range condition index, 
February 1 


Range condition index, 
March 1 





TABLE 4 


Pattern of Range Conditions, December 1 to June l, 
by Months, Sacramento Valley, 1922-1964 











(Continued on next page.) 
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TABLE 4 continued. 


Range condition index, 
April 1 


Range condition index, 
May 1 





Range condition index, 
June 1 
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would closely approximate the distribution of range conditions and the correla- 
tion between range conditions in successive months. Plotting and visual inspec- 
tion of the marginal distribution for December led to the adoption of a uniform 
probability distribution for that month, with an interval of 60.5 to 95-54 Con- 
sideration of the frequency of transition from December 1 to January 1, given 
the December 1 index, led to the adoption of a normal distribution for the Janu- 
ary 1 index, with a mean equal to the December 1 index and a standard deviation 
of 6.25.2/ Using the December 1 index as the mean of the January 1 distribution 
provides the necessary correlation between range conditions in successive months. 
A similar procedure was followed for each matrix shown in Table 4, with the re- 
sulting distributions shown in Table 5. 


The computer simulates the uncertain weather environments by selecting the 
pattern of monthly range conditions in any particular year from the distributions 
in Table 5. For example, on December 1 a range condition is selected randomly 
from a uniform distribution with mean 78 and range 35. Thus, any number from 
60.5 to 95.5 is equally likely to be drawn. The computer simulation provides 
for the correlation between range conditions by taking this number (say 85) as 
the mean of a normal distribution (standard deviation = 6.25) of range condi- 
tions for January 1. Suppose 82 is selected. This number becomes the mean of 
a similar normal distribution from which the sample range condition on February 
1 (say 90 ) is selected. This procedure is continued through the entire season, 
the range condition for any month deriving from a sample distribution with mean 
equal to the previous month's sample value. Only two qualifications need be 
mentioned: First, the actual data indicate a seasonal improvement in range con- 
ditions from February through April. Therefore, a constant of 5 is added to the 
actual sample value in order to establish the mean of the next month's distribu- 
tion in this period. Second, the form of the distribution (uniform or normal) 
is selected in each month to conform most closely to the historical data on 


range conditions. 


/ DYNAMO is equipped to generate either normal or uniform distributions auto- 
matically, given the parameters of the distributions. Determination of these para-= 
meters by plotting and visual inspection appeared sufficiently accurate for the 
purposes at hand. Insufficient observations were available for each of the con- 
ditional distributions to allow meaningful direct derivations of the probability 
distributions statistically. 
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TABLE 5 


Selected Parameters of Distributions of 
Monthly Range Conditions 


Parameters of distribution 
ea a 
Time distribution Mean Rang Interval | deviation 


ange index 





























December 1 
January 1 


78 
no. Dec. 










1 
1 
sample no. Feb. 1 + 5 














February 1 Jan. 
March 1 
April 1 
May 1 


June 1 


noe 









sample no. Mar. 1+ 5 





sample no. Apr. 1 






sample no. May 1 








Prices 


Prices of feeders, slaughter animals, and feed costs were obtained from pub- 
lished reports of the U.S. Department of Agriculture (Appendix Table C-2). Feeder 
and slaughter animal prices were those which actually existed at the Stockton 
market for the period 1954-1963. This is approximately the period over which the 
study ranch had been in operation. Feed costs were based on local mill market 
prices, The historical sequence of prices is used directly in the simulation 


model in contrast to the procedure of generating range conditions. 


Decision Processes of the Range~Feedlot Management and the 
Approach to Their Simulation 


To provide a clear conception of the management's decision processes and to 
make the discussion of their simulation more meaningful, this section explains 
in considerable detail the flow of cattle through the range and feedlot, showing 
where the critical decision points lie. It shows the time sequence of events 
throughout the year and the way in which management, through the decision proc- 
ess (decision rules), continuously adjusts the operation as new information on 


range conditions and prices become available. 


A diagram of the range-feedlot problem is shown in Figure 6. Although sche- 
matic representation of the main levels, rates, and auxiliaries may not be nec- 
essary in the development of the model equations, it is a great aid in understand- 
ing the problem. Levels are shown as rectangular boxes, decisions concerning 
rates as valves, and auxiliaries as circles. Solid lines represent movement of 
animals; dotted lines show the dependence of decisions upon information concern- 
ing levels and auxiliaries. The feedback nature of the problem is obvious from 
the diagram; e.g., information concerning the level of cattle on range is fed 


back to influence the buying decision. 


A monthly calendar of the numbers of cattle which move on to the range, off 
the range, and into and out of the feedlot is shown in Figure 7. Because the 
ranch has both a range operation and a feedlot, the management has devised buying 
and stocking decision rules which are more continuous than for the typical range 


operation. A more typical range operation involves buying feeders once or twice 


1/ Forrester (op. cit., p. 81) advocates a diagram prepared in considerably 
greater detail than presented here. 
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465 1b. Calves CALVES BOUGHT FOR THE RANGE 





Var.* Var. 

00 1b. Calves 465 1b. Calves 
T1400 T hoo T 400! I 700. =I 700 T Var. ! 
Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 


FEEDERS TAKEN FROM RANGE TO THE FEEDLOT 


600 1b. Calves (bought previous 
Oct., Nov., Dec Jan Feb. 
Var. Var. Var. Var. 


600 lb. Feeders (bought 
revious Jan., Feb., Mar.) 
ruoo T 4oo T hoo 1 


Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. 


FEEDERS BOUGHT DIRECTLY FOR THE FEEDLOT 





600 lb. Calves 
Var. Var. 


"Jan. Feb. Mar. T apr. May T sune T sury Aug. T Sept. I Oct. Nov. I Dec. 


SLAUGHTER ANIMALS SOLD FROM FEEDLOT 


1,000 1b. Slaughter Steers (from range 


Mar.-June and bought May and June ) 
Var. 


1,000 lb. Slaughter Animals 
(from_range in Feb., Mar., Apr.) 
1,000 


Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct, Nov. Dec. 


*Var. = a variable number per month depending on range conditions, beef prices, or both. 


FIGURE 7, Calendar of Cattle Rotation on Range and in Feedlot (number per month) 





in the fall and winter, based on the management's policy regarding stocking rates 
under uncertain range conditions and cattle prices. In fact, the study ranch 
was operated much in this fashion prior to about 1954. More recently, the manage- 
ment has consciously attempted to develop a rotation of cattle through the range 
to spread out the timing of purchases and sales to avoid the high income varia- 
bility associated with buying and selling cattle once a year. As such, the de- 
cision rules used by the management and incorporated in the initial simulation 
model probably represent a substantial degree of improvement over typical range 


operations. 


Decisions on Buying Feeders for Range 


The first calves are purchased for the new winter range year starting in 
October. The winter green forage period starts only after a period of rains in 
the late fall and early winter. Depending on the particular year, substantial 
green feed may be initially available as early as November or as late as February. 
However, the management of the ranch has determined that, even in an extremely 
unfavorable range year, the approximately 25,000 acres of range will carry a 
minimm of about 3,000 head of feeders during the winter months. The management 
buys this minimum number regardless of the range and price conditions. They 
then buy additional numbers of feeders as actual range conditions develop and 


can be observed. 


The 700 head per month of 465=pound calves purchased in October and Novem- 
ber (Figure 7) are part of the basic 3,000 head purchased regardless of range 
conditions. The remainder of the 3,000 are lighter calves (300 pounds) purchased 
in January, February, and March (400 per month). These lighter animals stay on 
the range about 13 months before moving to the feedlot as feeders weighing about 
600 pounds. Thus, if minimum range conditions were to occur throughout the win- 
ter and spring, the management would purchase 2,600 head (1,400 in October and 
November and 1,200 in January, February, and March). Because the 1,200 calves 
are left on the range for 13 months, the range is stocked with 3,000 head in 
January, February, and March. 


ay For an analysis of range stocking problems under these more typical con- 
ditions using statistical decision theory see: Dean, G. W., A. J. Finch, and 
J. A. Petit, Ire, Economic Alternatives and Strategies for a California Foot- 
hill Range Beef Cattle Operation, Berkeley: University of California, Agricul- 
tural Experiment Station Bulletin (forthcoming). 
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These buying decisions are based on the following rationale: The feeders 
are purchased in October and November before new grass becomes available because 
feeders are in plentiful supply and feeder prices are at an annual low in this 
season (Appendix Table C-2). The 300-pound calves are purchased to obtain some 
lighter animals with a relatively low price risk. They are purchased in January, 
February, and March because the management can then obtain calves which, because 
they were weaned earlier in the fall, are in condition to gain efficiently on 


pasture. 


A variable number of 465-pound calves are purchased at frequent intervals 
during December, January, and February as information becomes available on the 
actual range conditions for that year. Management observes these conditions as 
frequently as they think changes may occur. Naturally, they do not survey the 
entire 25,000 acres; but on the basis of sample checks a judgment concerning the 
condition of the range is made. On the basis of this information the management 


makes a decision concerning stocking rates. 


In interviews with the management, maximum and minimum stocking rates were 
determined. For example, if "very good" range conditions continued for all three 
buying months, the maximum number (800) would be purchased each month for a total 
of 5,000 head (1,400 feeders in October and November, 1,200 calves in January, 
February, and March, and 2,400 feeders in December, January, and February). If 
“very poor" range conditions continued for all three buying months, the minimum 
number (133) would be purchased each month, for a total of 3,000 head (1,400 
feeders in October and November, 1,200 calves in January, February, and March, 
and 400 feeders in December, January, and February). Thus, the buying decisions 
for range consist of a minimum constant number each year, plus additional feeders 
purchased at a rate determined by range conditions as they develop through the 
period. A more comprehensive analysis might also consider the stocking rate as 
a function of cattle prices. However, the cheap gains on the range make prices 
relatively less important than in the decisions where cattle are purchased di- 
rectly for the feedlot and gains are very expensive. 


In simalating management's actual decisions on buying feeders for range, 
stocking levels were related to range conditions through a series of mathemati- 
cal functions. An example where the stocking level is an increasing function of 
range conditions is shown in Figure 8. The range conditions are those simulated 
by the model. 


wife 


Stocking rate during month 
(head per month) 


467 |-- ----------- 





60.5 78.0 


Range condition (index) 


955 


FIGURE 8. Stocking Rates in December, January, and 
February as a Function of Range Conditions 
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For example, if range conditions are "very good" (index of 95.5 or higher), 
the model simulates buying cattle at the maximum rate in December (800 head per 
month). If the range conditions are "very poor" (an index of 60.5 or lower) , 
the model simulates stocking at the minimum rate (133 head per month). For in- 
termediate range conditions, the model simulates stocking at an intermediate 
rate as determined by a linear function between the minimum and maximum. 


Decisions on Transferring Feeders from Range to Feedlot 


The decisions as to the rates of transfer of feeders from the range to the 
feedlot are divided into two categories: (1) a decision to remove the 1,200 
head of calves purchased 13 months earlier over the period February, March, and 
April (400 per month, Figure 7); and (2) a set of decisions concerning variable 
rates at which to transfer the feeders (purchased October to February) over the 
four-month period, March 1 to July 1. 


In the second category of decisions above, cattle are first transferred to 
the feedlot in March. At the first of March, the management knows the total num- 
ber of cattle on the range since all purchases are completed by that time. If 
range conditions continue throughout the remaining period at a level comparable 
with those during the buying period, the cattle would be removed at a nearly 
uniform rate month by month from March 1 through July 1. However, management 
realizes the range conditions are likely to be highly variable, and hence they 
attempt to be flexible in their transfer rates. Suppose, for example, that a 
normal number of cattle were on range at the start of the transfer period. If 
range conditions deteriorate sharply, a drastic reduction in cattle numbers would 
be needed to completely adjust to this condition. However, management follows a 
policy of removing fewer animals than necessary for a complete adjustment, be- 
cause it desires to be in a position to utilize an increase in feed supply which 
may result from a later improvement in range conditions. On the other hand, if 
range conditions improve markedly, management would need to maintain cattle nunm- 
bers to utilize the feed supply, and hence no animals would be transferred to 
the lot. However, management follows a policy of removing some animals in case 


range conditions deteriorate later. 


In the simulation, management's transfer decisions were formalized through 
the relationships shown in Table 6. The left-hand side of Table 6 shows the 
usual transfer rates month by month for the maximm, average, and minimum numbers 
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TABLE 6 


Usual Transfer Rates as a Function of Cattle Numbers, and Desired 
Numbers as a Function of Range Conditions, Respectively 


Number of cattle | Usual cre | range contsion| Desired number of 
on range, first | rate during ange ontision| condition | cattle on range 
Month | of month month first of month first of month 


March 3,800 950 
2,800 700 
1,800 450 


















April 950 95. 2,850 
450 60.5 
May 1,900 1,050 955 
800 78.0 


June 
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of cattle on Sipe at Intermediate rates are a linear function of intermediate 
cattle numbers between the minimum and maximun. The right-hand side of Table 6 
shows for the first of each month the desired number of cattle on range for se- 
lected range conditions. The desired mumber is a linear function of range con- 
ditions between the maximum and minimum. If the range condition is above 95.5; 
the desired number remains constant at the maximum; if the range condition is 
below 60.5, the desired number remains constant at the minimm. 


In the simulation model, the response delay in the actual transfer rate off 
range is formalized in the following equation: 


Actual transfer rate off = Usual transfer rate off 
range during month range during month 


. No. on range _ Usual transfer rate off . Desired no. on range 
first of month range during month first of next month 


where k is the factor which represents the response delay. 


To illustrate the above equation, consider an example in which range condi- 
tions have been excellent up to March 1 but are deteriorating during March. The 
range would be stocked with 3,800 animals on March 1. The usual transfer rate 
from Table 6 would be 950 head if these excellent conditions continued. Suppose 
the range condition on April 1 happens to be only average (78.0). Then the de- 
sired number to have on range April 1 from Table 6 would be 2,100. This implies 
that 1,700 head (3,800-2,100) should be removed in March to reach this desired 
number. Assuming a response delay factor of 0.5 for illustrative purposes, and 
substituting the numbers in the above equations we obtain: 


Actual rate off a _ 
range during March = 990 * 5 (3,800 = 950 = 2,100) = 1,325. 


The same equation applies when range conditions improve. For example, sup- 
pose that there were 2,800 head on range March 1 implying a usual removal rate of 
700 head. Suppose that range conditions on April 1 improved to 95.5 implying a 
desired number of 2,850 on April 1. To reach this desired number, the model would 
simulate a situation in which all transfers are stopped and 50 additional animals 


u/ The 1,200 head transferred at a constant rate are not included in Table 6. 
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are purchased. However, the simulated response delay of 0.5 would provide a 
transfer rate half way between the usual rate of 700 and the desired rate of 
-50. Substituting the numbers of this example in the equation above, we obtain 


an actual removal rate of 325 head: 


Actual rate off 


mange dure Mere 7 Oe Se (2,800 = 700 - 2,850) = 325. 


This same type of equation is used to determine actual transfer rates dur- 
ing March, April, and May. The simulated model selects a June removal rate which 
transfers the remaining cattle on the range to the feedlot. 


The Response-Delay Factor 


The response-delay factor can be interpreted in terms of a stock-flow con- 
cept of the range feed supply. A stock concept of the feed supply is that the 
total amount of feed to be available in the spring months is determined by 
March 1. Therefore, subsequent changes in weather would not affect the total 
feed supply. In this case, k = 0 and cattle would be transferred to the lot at 
the usual rate. A flow concept of the feed supply is that the amount of feed 
to be available each month is determined only by the range condition during 
that month. In this case, k = 1 and cattle numbers would be completely adjusted 
to range conditions. As mentioned above, management's policy is based on nei- 
ther one of these extremes but rather on an intermediate policy. Discussion with 
management on how they would act under different circumstances suggested a re- 
sponse-delay factor of k = 0.5 as a reasonable first approximation in the sim- 
lation model. 


Decisions on Direct Buying for the Feedlot, May and June 


The capacities of the rangeland and the feedlot are nearly matched. If 
maximum range conditions exist, about 5,000 feeders are purchased to utilize 
the range. The feedlot capacity also is about 5,000 head. Thus, in an excep- 
tionally good range year, the cattle from the rangeland fill the feedlot virtu- 
ally to capacity. However, in a more typical or poor range year, the feedlot 
has excess capacity and feeders may be purchased directly for it. The manage- 
ment's decision on the number to buy depends on the amount of excess capacity in 
the lot and upon cattle and feed prices. These direct purchases take place in 


May and June. 
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Specifically, the first step that management takes is to calculate the maxi- 
mum number which can be bought, i.e., the number which will fill the lot to ca- 
pacity. The calculation is: 


Maximum no. ‘ No. on the range Expected no. 
to buy, May] = — - ie os - | May 1, to transfer +] sold from lot, 
and June P y a to lot in May & June Mey and June 


Suppose there are 3,000 head in the lot in May and 1,000 still on the range 
(aside from the usual 1,200 calves which stay on the range). Feedlot capacity 
is 5,000 and 200 slaughter steers are expected to be sold from the lot in May 
and June. The maximum number to buy in May and June is then calculated to be 
1,200. 


Maximum no. to buy,| _ =: i 
peseen June = 5,000 - 3,000 - 1,000 + 200 = 1,200. 


The actual number purchased will vary from zero to this maximum number, de- 
pending on how management evaluates the prospects of profit on the direct purchases. 
Since all other costs are essentially fixed in the short run, the purchase will be 
profitable if the gross income of the finished animal exceeds the initial feeder 
cost plus feed costs.= The procedure used by management is to formulate an ex- 
pectation of slaughter prices 145 days later for September, October, and November. 
Then taking the initial weight, final weight, and feed costs, management computes 


the break-even feeder price. The calculation is as follows: 


Break-even feeder price = [(Expected slaughter price)(Final weight) - 
(Days on feed)(Feed cost per head per day)] / Initial weight. 


For example, if the expected slaughter price is $25.00 per cwt, initial weight 
is 600 pounds, final weight is 1,000 pounds, and the animal is fed 145 days at 

a feed cost of $0.58 per head per day, the break-even feeder price is $27.65 per 
cwt. 


L/ See Appendix Tables C-2 and C-3 for feeder prices, slaughter prices, and 
feed prices over the 1954-1963 period considered. 
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0.25) (1.000) = 145 (0.58 


we = 0.2765~ 


Break-even feeder price per pound = 


This break-even feeder price is compared with the actual feeder price in 
order to determine the number to purchase. If the actual feeder price is higher 
than break-even feeder price, no cattle are purchased since not even variable 
costs could be expected to be covered. If the actual feeder price is lower than 
the break-even feeder price, a variable number are purchased, depending on the 
difference between the actual and "break-even" price. If the slaughter price, 
feed prices, gains, and feed conversion data all were known with certainty, then 
the most profitable course of action would be to buy the maximum number as soon 
as the actual feeder price dropped below the break-even price. However, manage~ 
ment does not know the slaughter price with certainty at the time of the deci- 
sion; hence, it formulates an expectation of the slaughter price 145 days later. 
Management has used the September-October-November price in the previous year as 
a forecast of this year's price during the same period. Because of the possible 
inaccuracy of the forecast, management makes an allowance for uncertainty in 
their determination of the number to buy. Recently, the uncertainty margin 
used by management has been about $3.00 per cwt. Suppose that the feedlot can 
hold another 1,000 head (maximum number to buy) and that the calculated break- 
even feeder price if $25.00 per cwt. Management would then purchase 1,000 head 
when the actual feeder price is less than $22.00 per cwt. When the actual 
feeder price is greater than $25.00 per cwt, management would make no purchases. 
If the price falls between $22.00 and $25.00 per cwt, then management adjusts 


its purchases to some intermediate number. 


In the simulation of the decisions on direct buying the equation for the 
maximum number to buy was programmed directly. The model calculates the number 
to buy in May and June by multiplying the maximum number to buy by the buying 
rate adjustment constant. This constant is taken from a graph similar to the 
one shown in Figure 9. If the actual feeder price is greater than Pi» the buy- 
ing rate adjustment constant equals zero and no feeders are purchased, whereas 
if the feeder price is less than Po» the constant equals one and the maximum 
number of feeders is purchased. Between P, and P, the model selects the buying 


fe) al 
rate adjustment constant between zero and one according to the function specified. 


3h. 


Buying rate adjustment 
constant 


oO 


eo \ P 


1 
Uncertainty "Break-even" 
margin feeder price 


Feeder price 


FIGURE 9. Determination of Buying Rate Adjustment Constant 
for Direct Feeder Purchases in May and June 
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Proposed Improvements in Price Expectation Models 


From previous experience with the economics of cattle feeding, the authors 
hypothesized that some improvement in management policy could be effected by se- 
lection of a less naive price expectation model. Thus, in the computer simula- 
tion, three alternative slaughter price expectation models were used, each coupled 
with an uncertainty margin of a different length. The models are summarized in 
Table 7. Model A is an approximation to the one actually used by management 
wherein prices are forecasted based on last year's price and an uncertainty mar- 
gin of $3.00 per cwt is used. Model B assumes perfect knowledge of slaughter 
prices and is used as a norm in making comparisons with more realistic models. 

A small uncertainty margin of $0.25 per cwt is included to recognize other sources 
of uncertainty (in gains, feed conversion, and feed prices). Model C was de- 
veloped by the authors as a simple alternative price expectation model which 
management might adopt. This model uses the current May-June slaughter price 
adjusted for average seasonal change as the September-November slaughter price 
expectation. Over the period 1954-1963 the forecasting errors from this model 
were only about one-third of those from Model a. Correspondingly, the uncer- 
tainty margin was reduced to one-third of that for Model A. 


Decision in Feeding and Sales 


The decisions regarding the feedlot sector are important to the success of 
the business. The feedlot sector is likened to a factory which processes raw 
materials and sells them at the market price after a fixed production period 
delay. As discussed previously, however, the feeding decisions such as day-to- 
day adjustments in quantities and type of ration and sales policy are not sub- 
jected to detailed simulation. Although the ranch data show some variation among 
lots in rates of gain, feed conversion, timing of ration sequences, days on 
feed, and grade of slaughter animals, it was felt that conditions could be held 
constant at their mean values with relatively little loss in the value of the 


results. These constants are summarized below: 


Ly The sum of the squared deviations between actual and forecasted prices 
for Model C was one-third of that for Model A. 
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TABLE 7 


Price Expectation Models for May-June Buying of Feeders 


Directly for the Feedlot 
Model Price expectation for slaughter cattle Uncertainty 
designation margin 


Sept.-Oct.-Nov., year +, equal to: 
dollars per cwt 

A Actual price, slaughter cattle, Sept.- 

Oct.-Nov., year t-1 3-00 
B Actual price, slaughter cattle, Sept.- 

Oct.-Nov., year t 0.25 
Cc Current slaughter price in May-June, year 

t, adjusted for average seasonal change 

from May-June to Sept.-Oct.-Nov. 1.00 
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1. Initial weight of feeders into the feedlot: 600 vent 


2. Initial grade of steers purchased directly for the feedlot: 50 percent 
choice, 50 percent good 


3. Gains: 2.75 pounds per day 

kh, Feed conversion: 9.00 pounds of feed per pound of gain 

5. Ration sequence: Ration #1 through #6 as specified previously 
6. Days on feed: 145 days 

7. Final slaughter weight (after shrink): 1,000 pounds 

8, Final slaughter grade: 75 percent choice, 25 percent good. 


With these variables held constant at their means, the similation model can 
thus concentrate on the influences of weather and prices on the performance of 


the range-feedlot system under alternative decision rules. 
PART IV 
EMPIRICAL RESULTS 


The model described in the previous section was run on the IBM 7090 computer 
at the University of California in Berkeley .2/ The model simulates the uncertain 
environment in which the decisions are made as well as the day-by-day decisions 
made in response to the changing environment. A single run of the model sim- 
lates 40 years of range conditions for a given set of prices. In total, 10 years 
of price relationships, those for 1954 through 1963, were run. Thus, some 400 
years of range conditions and price relationships were considered. Each run of 
the model generated the same set of range conditions through the 40 years so that 
the effect of different prices in successive runs could be compared. 


The data and results which were available for summarization became quite vo- 
luminous. Therefore, the results which follow are summarized in a number of sub- 
sections. The first summarizes and compares the simmlated range conditions with 
the actual conditions indicating the goodness of fit of the simulated environment 
to the actual. The second subsection summarizes the simulated buying and transfer 


1 This weight is an overall average. Actually, the weight of feeders off 
the range varies somewhat depending on the number of days they are kept on range. 


2/ A complete discussion of the equations of the model are given in Appendix B. 
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decisions for cattle moving on and off range as well as the buying decisions in 
May and June for the cattle bought directly for the feedlot. The third subsec- 
tion summarizes the simulated net income levels and frequency distributions over 
the 400 years of range-price conditions. This initial simulation attempts to 
portray the type of outcomes which management could expect in the long run, given 
the uncertain environment and management's present decision policies. The fre- 
quency distributions of net income provide a clear picture for management to con- 
sider in evaluating its present decision procedures or in formating revised 
decision procedures. The final subsection presents the results from the authors’ 
attempt to improve one aspect of the management's decision procedures, namely 
the price expectation model used in the May-June buying decisions. 


Simulated Versus Actual Range Conditions 


A question of primary importance in this study concerns the realism of the 
simulated range conditions as developed through a series of monthly samples. A 
measure of the goodness of fit of the simmlated conditions to actual range condi- 
tions is the comparison given in Table 8. The first figure in each cell repre- 
sents the actual range condition data, the second figure the sample data. All 
other cells contain zeros. Although no statistical tests have been computed due 
to the small numbers of observations in some cells, visual observation of the 
cell entries and border totals reveals a reasonably close correspondence between 
actual and simulated range conditions. The only systematic divergences appear 
to be that the simlation slightly underestimated the number of observations in 
the lowest category (<55) in the first months and overestimated the number of 
observations in the highest category (>95) in the last four months. The under- 
estimation of the number of low range conditions was apparently due to setting 
& sampling range slightly too small for the first months. The overestimation 
of the number of high range condition resulted from the fact that no absolute 
upper limit such as 100 was specified. For example, if 99 was selected in May, 
the June index was selected from a normal distribution about a mean of 99, thereby 
permitting values well over 100. The practical importance of this problem is 
slight because the rate of cattle placed on range remains constant for range in- 
dexes above 95. However, an absolute upper limit of 100 on the sample values 
would have provided slightly more realistic estimates of the range conditions 


per se. 
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TABLE 8 


py Months, Sacramento Valley, 1922-1964 a/ 


Comparison of Actual and Simulated Range Conditions, December 1 to 
June l, 
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TABLE 8 continued. 


Range condition index, 
April 1 





May 1 


Range condition index, 





Range condition index, 
June 1 





a/ First figure in each cell represents the actual data; the 
second figure the simulation sample data. All other cells 
are zeros. 


-hi- 


Table 9 shows the simulated range conditions month by month over the ho 
years. In the first year of the simulation, DYNAMO automatically sets all sample 
values at their mean. An indication that the simulation realistically portrayed 
actual range conditions is that the means of the 4O years of sample range condi- 


tions do in fact equal those in the initial "normal" year. 


Simulated Buying and Transfer Decisions 


One matter of interest to management is to obtain estimates of the vari- 
ability in numbers of feeders placed on the range each year. A total of 2,600 
head are placed on range regardless of range conditions; however, additional 
feeders are purchased as a function of range conditions. The left-hand side of 
Table 10 shows this variable number purchased in December, January, and February 
depending on range conditions. The final column in Table 10 shows the total 
number placed on range. The minimum number placed on range is for simulated 
range year 29. Here the indexes of range conditions in December, January, and 
February are 62, 56, and 50, respectively (Table 9), and only 154, 128, and 128 
head are purchased in these months (Table 10). Thus, only 3,010 head (2,600 + 
154 + 128 + 128) in total are placed on range in year 29. In year 26, on the 
other hand, range conditions were excellent with indexes of 91, 96, and 101 in 
December, January, and February, respectively. In these months, 718, 795, and 
795 head were purchased and, together with the constant number of 2,600, make a 
total of 4,908 placed on range. Thus, the number placed on range varied by 
about 1,900 head (4,908-3,010) over the 40-year period of simulated range 
conditions. 


The frequency distribution of cattle placed on range and subsequently trans- 
ferred to the feedlot over the 40 years of simulated range conditions is given 
in Figure 10. Although the probability of nearly "normal" cattle numbers is 
highest (3,800-4,000 head), the distribution shows a tendency for rather high 
probabilities at the extremes of the interval from 3,000 to 5 ,000. This infor- 
mation is important to management in that financial and production planning must 
be geared to rather high probabilities of extreme fluctuations in cattle numbers 
from year to year. 


The rates at which the cattle purchased for the range are transferred to 
the feedlot are shown monthly in the right-hand side of Table 10. The 1,200 head 
of calves placed on range a year previously are transferred to the feedlot ata 
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TABLE 9 


Simulated Range Conditions (Index) 


aaa Simulated range index Mean Revised =a 
Year | Apr. | May | June | Dec.-June | Dec.-June 2 
83 83 










| Dec. | Jan. [Feb. [ Mar. | 









SO ODN FW 


a/ Computed with all sample values over 100 set = 100. Used in plotting data. 
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TABLE 10 


Numbers of Feeders Placed on Range and Transferred to the Feedlot 
as Determined by the Information Feedback-Control Mechanism 














Variable number of Variable number of Total number of 


feeders placed on 


feeders placed on feeders transferred 
ange to feedlot range and trans- a/ 
ar| Dec. | Jan, | Feb. | Mar. | Apr. | May | June | ferred 






0 OA DAU FWD F 


a/ Number placed on range equals the variable numbers purchased in December, 
January, and February plus 2,600 head purchased regardless of range condi- 
tions. Number transferred to feedlot equals the variable numbers trans~ 
ferred in March, April, May, and June plus 1,200 transferred regardless of 
range conditions. 
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FIGURE 10. Frequency Distribution of Numbers Placed on 
Range and Subsequently Transferred to the 
Feedlot Annually over 40 Years of Simulated 
Range Conditions 
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constant rate over the February, March, and April period. However, the remain- 
ing animals on range are transferred at a variable rate during March, April, 
May, and June, depending on range conditions and using the decision rules out- 
lined in previous sections. The simulated transfers for year 12 can be used to 
demonstrate the working of the model. In year 12, the range conditions during 
the months of December, January, and February were poor (72, 68, and 64, respec- 
tively) leading to relatively few animals (3,406 head) being placed on range. 
However, range conditions improved during March to a level of 84 by April 1. 
Hence, relatively few cattle were removed in March (458) and larger numbers were 
removed later in the spring. In a more normal year, proportionately more of 
the cattle are transferred earlier in the spring period. 


Fach run of the model for a given set of price conditions gives the same 
pattern of range conditions as shown in Table 9, and, therefore, gives the same 
pattern of numbers placed on the range and, subsequently, transferred to the feed- 
lot. Although a different NOISE cara could be used to generate a different 
pattern of range conditions for each run, the authors reasoned that comparisons 
among runs of various sets of prices were more straightforward if the underlying 
40-year range environment remained constant. 


Direct Buying for the Feedlot 


The simulated results of the May-June buying decision for feeders purchased 
directly for the feedlot are summarized in Table 11. These results were obtained 
for each of the price expectation Models A, B, and C for each of the ten years of 
price conditions. The decision process for Models A, B, and C for year 1954 and 
for a number of other price expectation models and years (see footnote a/, Table 
11) specifies buying the maximm number of feeders permitted by feedlot capacity 
remaining after all cattle had been transferred to the lot from the range. For 
example, in simulated range year 1, the total number placed on range and subse- 
quently transferred to the feedlot is 3,998 head (Table 10). ‘Thus, a total of 
1,002 head, with 501 purchased monthly in May and June, would fill the feedlot 
to its capacity of 5,000 head (Table 11). In 1954, expected price relationships 
for Models A, B, and C were so favorable that the actual feeder price was far 


below the calculated "break-even" feeder price. Hence, the maximum numbers were 


1/ See section entitled "Sample Equation" in Appendix A. 
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TABLE 11 


Total Numbers of Feeders Purchased in May and June by Year-Price 
Expectation Models over 4O Years of Range Conditions 


SOO90O0 COOO0O0 COCO 0OO0 COO 0OO COCO 0OO COO 0o CO0CO COCCOO°O 
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0 
0 
ie) 
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oO 
fe) 
O 
0 
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(0) 
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a/ The following year-price expectation models gave the same sequence of May-June feeder purchases: 
1955 A-B-C, 1956 B, 1957 B-C, 1958 B-C, 1959 B-C, 1960 A-B-C, 1961 A-B-C, 1962 B-C, and 1963 A. 


b/ The 1963 C model also gave zero May-June feeder purchases. 
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purchased. In 1958, on the other hand, price expectations using Model A were 
so unfavorable that the actual feeder price was above the calculated "break- 


even" price and no cattle were purchased. 


The May-June buying decision rules are illustrated by considering 1956, 
year 2, for each of the three price expectation Models A, B, and C. In Model A, 
where the expected slaughter cattle price is equal to the price received the pre- 
vious year, the comparison of the actual feeder price with the calculated "break- 
even" price gives buying rate adjustment constants of approximately 0.86, 0.94, 
and 0.91 on May 1, June 1, and July 1, respectively. A buying rate constant of 
1.0 implies buying the maximum number if the actual price is $3.00 or more below 
the "break-even" price. Thus, for example, the buying rate adjustment constant 
of 0.86 on May 1 indicates that the actual feeder price is $2.53 below the cal- 
culated "break-even" price ($3.00 x 0.86 = $2.58). The average buying rate ad- 
justment constants in May and June are 0.90 and 0.925, leading to purchases of 
83 and 85 head in those two months. That is, the maximum number to buy is 92 
each month; 92 x 0.90 = 83 and 92 x 0.925 = 85. 


Using price expectation Model B in 1956 leads to a calculated "break-even" 
feeder price more than $0.25 per hundredweight above the actual feeder price. 
Hence, the buying rate adjustment constant is 1.0 and the maximum number of 92 
head are purchased monthly in May and June. 


Price expectation Model C for 1956 leads to buying rate adjustment constants 
of 0.10, 0.34, and 0.26 on May 1, June 1, and July 1, respectively, or an average 
of 0.22 during May and 0.30 during June. In this case, 20 head are purchased in 
May (92 x 0.22 = 20) and 28 are purchased in June (92 x 0.30 = 28). 


In 22 out of the 30 year-price expectation models the maximum number of 
cattle were purchased (Table 11). In two situations, none were purchased and in 
the other six cases, intermediate numbers were bought. Thus, in general, prices 
were sufficiently favorable over most of the ten-year period so that expected 
returns from the cattle purchased in May and June exceeded variable costs by a 


margin encouraging maximum or near-maximum purchases directly for the feedlot. 


Simulated Net Income Levels and Distributions 


The major objectives defined by the management of the range-feedlot opera- 
tion related to net income. As discussed earlier, the two major criteria adopted 


in judging the "success" of the various simulations in achieving the objectives 
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of management are: (1) Increases in the level of average net income and (2) re- 
ductions in the variability of net income. The first subsection below defines 
the components of net income used in this report. The second subsection presents 
the results of the initial simulation over the 400 range-price observations using 
management's price expectation Model A. 


Net Income Defined 


The components of revenue and cost making up net income are best identified 
by reference to the series of Tables C-4 through C=21 in Appendix C. Revenue 
from the operation comes mainly from cattle sales, with minor amounts from sales 
of barley and manure. Barley production was assumed to vary in accordance with 
weather and range conditdons.2/ Because rolled barley is used in feeding, the 
barley produced is sold and rolled barley repurchased from a feed company. The 
two major cost items in the business are the cost of the feeder cattle and feed 
costs, totaling a million dollars in most years. The total fixed cost of $193,000 
described earlier (Table 2) is a third large cost item. Direct nonfeed expenses 
in the lot and interest on operating capital are the remaining cost items. Both 
are functions of the number of cattle included in the operation. Interest may 
not be entirely a cash cost because the operation often operates partly on its 
own funds rather than borrowed funds. Finally, it should be recognized in inter- 
preting the net income figures that salaries of $10,000 have been paid to each 
of the three members of management as part of the $193,000 fixed cost of the op= 
eration. Thus, even with a net income of zero, $30,000 is available as compen- 
sation to management. 


Simulation Results -- Model A 


The initial computer runs of the model represent an attempt to approximate 
as closely as possible the level and distribution of net incomes which would occur 


7 Average production per year is 1 ton per acre or 650 tons for the entire 
650 acres in barley. Since weather affects range conditions and barley similarly, 
total barley production (P) was assumed to be related to the range index (R) as 
follows: Mean barley production (P = 650 tons) is associated with mean range 
conditions (R = 78); high range conditions (R = 95) are associated with mean 
barley production +16 percent (P = 754); low range conditions (R = 61) are as- 
sociated with mean barley production -16 percent (P = 546). The range in yield 
variability of +16 percent is equal to two standard deviations of barley yields 
as estimated by: Carter, H. 0., and G. W. Dean, "Income, Price, and Yield Vari- 
ability for Principal California Crops and Cropping Systems," Hilgardia, Vole 30, 
No. 6, October 1960, p. 215. The resulting function is: P = 173 + 6.12R, 61 
<R<95. If R> 95, P = 754; if R < 61, P = 546. 
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over a long period of time for the range-feedlot operation if management used 
current decision procedures under price conditions similar to those of the past 
ten years. It is assumed for these initial runs that expected prices of May 
and June feeders are equal to those received in the previous year (price expec- 
tation Model A described earlier). 


A summary of parameters of the distributions of net incomes are shown in 
Table 12. As shown by the variation in means (or median) from one year to an- 
other, a major factor in setting the general level of income is the level of 
prices (primarily cattle prices). The mean income varied from highs of $60 , 320 
and $59,450 in 1954 and 1957, respectively, to lows of -$23,510 in 1961 and 
-$39,360 in 1963. These good and bad years conform rather closely to the gen- 
eral experience of most cattle feeders. The experience of the particular case 
study operation in 1962 and 1963 (the period when records were available) was 
remarkably close to the simulated results ,~ with excellent profits in 1962 and 
large losses in 1963. 


Given any particular set of prices, considerable variation in income still 
is possible due to variability in range conditions. The standard deviations, 
range and extreme values (Table 12) emphasize the great degree of variability 
due to range conditions for given prices. For example, at 1958 prices, the mean 
income was $14,430 but incomes varied from -$87,280 to $119,080, depending on 
the range conditions. The extreme values show that, even with the most favor- 
able price relationships (as in 1957), it is possible to lose money (up to 
-$25,580) if range conditions are poor; conversely, even if prices are extremely 
unfavorable (as in 1963), it is possible to make sizable good profits (up to 
$48,910) if range conditions are favorable. 


In general, the measures of dispersion (standard deviation and range) are 
of roughly the same magnitude for each of the ten sets of prices; hence, range 
conditions cause about the same absolute amount of variation in net income re- 
gardless of the price level. A more graphic visualization of the simulated net 
income distributions is given by the plotted results in the frequency distribu- 
tions of Figure 11. The distributions of net incomes caused by variation in 
range conditions are normally distributed as indicated by a chi-square test for 


a/ Range conditions in 1962 and 1963 were close to average and, therefore, 
the major variable affecting income levels was prices. 
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TABLE 12 
Comparison among Simulated Distributions of Net Incomes over 


40 Years of Range Conditions » at Each of Expected Prices 
for Years 1954-1963, Using Price Expectation Model A 


Parameters of net income distributions 
Eee, | Standard 
Prices for year Median Mean deviation} Range | Low | High | 


dollars 




















































1954 60,320 | 36,640 |144,930|]- 6,800 | 138,130 













































1955 1,130 36,780 |147,220 | - 70,050] 77,170 
1956 30,590 33,840 | 134,120 | - 34,000 | 100,120 
1957 99,450 | 43,600 |178,170 | - 25,580 | 152,590 
1958 14,430 49,920 | 206,360 | - 87,280 | 119,080 
1959 26,910 45,390 | 183,490 | - 61,650 | 121,8h0 
1960 7,640 | 43,020 | 180,970 | - 79,140 | 101,830 
1961 ~23,510 38,950 |188,200 | -134,140] 54,060 
1962 43,050 42,840 | 178,770 | - 43,000 | 135,770 
1963 -39, 360 40,120 | 161,810 | -112,900] 48,910 












10 year 
accumulated 





16,660 | 18,110 91,500 | 286,730 | -134,140 | 152,590 
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FIGURE ll. Distributions of Net Farm Income from Variation in Range Conditions, under Actual Price 
Relationships Annually, 1954-1963: Last Year's Price Expected (Model A) 
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FIGURE 11 continued. 
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goodness of eit. 2/ Another indication of the normal distribution is the close- 
ness of the median and mean in Table 12 for each of the ten sets of prices. 


Although range conditions cause considerable dispersion of net income, the 
major factor affecting the general level of income is the level of cattle and 
feed price relationships summarized in Table 13. The disasterous results in 1963 
were caused by unfavorable cattle margins and high feed prices. In 1961, the 
poor results were due to extremely unfavorable margins between the prices of 
calves purchased for the range and prices of slaughter cattle. A favorable year, 
such as 1954, was due to extremely large price margins, even though feed prices 
also were high. Another favorable year was 1957 which resulted from a combina- 
tion of favorable margins and low feed prices. In 1958 and 1959, the results 
were reasonably favorable because the general cattle price level was high even 
though margins were negative.= 


Figure 12 shows a fairly close linear relationship between range conditions 
and simulated net incomes (x° = 0.65) at 1954 prices. Similar results for all 
ten price situations, 1954-1963, are shown in Table 14. ‘These results illus- 
trate again that net income is dependent on the combination of range conditions 
and prices and not on either alone. Excellent range conditions can assure pro= 
fits under any of the price situations observed, However, poor range conditions 
mean losses regardless of price. Of course, for any given range condition, the 
higher the price, the more favorable the outcome. 


rovement of stem Performance Thr Alternative 


Price Expectation Models 


The above section presented the simulation results for the range-feedlot 
system using present management decision procedures, including a price expecta- 
tion model in which slaughter prices are expected to approximate those received 
in the previous year (Model A). As stated earlier, one area in which management 
decisions might be improved is in the formulation of price expectations. To 


1/ For each of the years 1954 through 1963 the chi-square test indicated 
that the similated distribution was not significantly different from a normal 
distribution at the five percent significance level. 

2/ The higher the absolute price level, the less price margin needed to ob- 
tain the same income: Petit, J. A, and G. W. Dean, Economics of Farm Feedlots, 
Berkeley: University of California, Agricultural Experiment Station Bulletin 
No. 800, May 1964, pp. 21-26, 
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TABLE 13 


Feed Prices, Cattle Prices, and Margins Used in Simulation 


Average price, | Average price, | Average price, Margin, 
Annual average |steer calves feeder steers | slaughter steers | slaughter 
feed = per | 300-500 pounds,| 500-800 pounds, aie 100 pounds,} price-calf 
rida 


Oct.-Mar. May-June May-Sept. 





Source: Appendix Tables C-1 and C-2. 
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FIGURE 12. Relationship of Range Condition to Net Income 3 1954 Prices 
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TABLE 14 
re of Linear Regressions of Net Farm Income 
on Index of Range Conditions a/ 


I 
| Standard error Correlation 
of b t-value for coefficient 
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a/ Equations of the form: Y =a + bX. 





b/ A series of t-tests showed no significant differences at the five percent level between 
| all pairs of b's. 











identify the maximum potential improvement obtainable through formulation of 
price expectations, Model B was run in which it was assumed that management has 
perfect knowledge of slaughter prices. Finally, alternative price expectation 
Model C was developed in which management based price anticipations on the cur- 
rent price adjusted for the historical seasonal variation between buying and 
selling dates. This is a simple model which management could reasonably be ex- 
pected to adopt if improvements warranted its use. 


The simulated performance of the system is summarized below for each of the 
three price expectation models. In general, Model B should provide the highest 
incomes which can be expected, since it is impossible to improve on a "perfect" 
price forecast. It is used primarily as a basis for comparison with Model A 
representing current practices and Model C representing an attempt to improve 
one component of the decision-making process. 


A comparison among net incomes for the three price expectation models is 
shown in Table 15. In 1954, 1955, 1960, and 1961, the results of all three mod- 
els were the same. In these years, the expected slaughter prices were so favor- 
able under each of the three models that the actual feeder prices, when compared 
to the calculated break-even feeder prices, led to purchase of the maximum number 
of feeders permitted by the remaining feedlot capacity. 


In 1957, 1958, 1959, and 1962, Model C led to the same buying decision as 
Model B, whereas Model A led to a decision to buy less than maximm numbers. 
In each of these cases, the alternative Model C was an improvement over the 
original Model A when judged by both of the criteria selected, i.e., Model C had 
both a higher mean income and a lower standard deviation and range than Model A. 
Substantial improvements in mean income are obtained from Model C compared with 
A in 1958 and 1962. However, in 1957 and 1959, the differences are slight. 


In 1956 and 1963, Models A, B, and C each led to a different decision on 
numbers purchased. In 1956, Model A resulted in higher incomes than Model C. 


However, in 1963 the situation was reversed. 


aj Surprisingly, in 1963, certain price Model B led to slightly lower mean 
income than Model C. This unexpected result was apparently due to the fact that 
the equations for computing "break-even" feeder prices deliberately omitted in- 
terest on the operating capital as a variable cost. When interest is added as 
a cost, the additional feeders purchased in Model B are unprofitable. In Model C 
no feeders are purchased. 


a5 = 
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TABLE 15 


Comparison among Simulated Distributions of Net Incomes for 40 Years of Range Conditions, 
Using Three Alternative Price Expectation Models for Years 1954-1963 


Price Parameters of net income distribution 
expectation le hak Standard Senge 
Year model Median deviation Rang YT tow | High | 


dollars 


144,930 138,130 
147, 220 11,10 
134,120 100,120 
133, 360 100,940 
147,910 98,790 
178,170 152,590 
174,560 151,440 
206 , 360 119,080 
198,190 126,080 


183,490 121, 840 
182,420 - 121,470 


180,970 101,830 


188, 200 54,060 


178,770 135,770 

164, 830 137,670 

1963 161,810 48,910 
860 159,020 49,410 

151,430 51,230 


10 year 286 , 730 152,590 
accumulated 285 , 580 151,440 
285,580 151,440 





last Year Price Expected 


Certain Price Expected 
Seasonal Price Expected. 


Qy > 
won ou 





Figures 13 to 18 provide a pictorial comparison of the income distributions 
from the alternative price expectation models in those years where differences 
among models occurred. The distributions for 1954, 1955, 1960, and 1961 shown 
in Figure 11 apply to all models because no differences among models occurred 


in those years. 


The bottom portion of Table 15 and Figure 19 show an overall comparison of 
Models A, B, and C for the entire 400 price-range conditions simulated. Model ¢ 
represents an improvement over Model A using both criteria specified earlier: 
Model C has (1) the greater mean income and (2) the smaller variation as measured 
by standard deviation and range. In fact, Model C has a smaller standard devia- 
tion than Model B. However, the magnitude of the improvements from C compared to 
A are relatively slight. 


Evaluation of Results 


The results of this section would seem to indicate that relatively naive 
price forecasting models for the May-June buying decision give results not differ- 
ing greatly from those of a perfect knowledge model. In particular, for the 
short-run price forecast (four months ahead), the seasonally adjusted May-June 
slaughter price does exceptionally well. However, even a perfect forecasting 
model would neither substantially increase the mean income nor reduce the vari- 
ance of income. An obvious question is whether the buying decisions for the 
cattle put on range could be improved by making their purchase also a function 
of price. This possibility could be examined by simulation procedures. 


Another approach to improving the overall performance would be to separate 
the income, costs, and returns for the range and feedlot sectors. One hypothesis 
suggested by the results is that the range sector is relatively profitable and 
the feedlot unprofitable. Also, in buying cattle for the range, it may be pro- 
fitable to overstock and feed hay and other supplemental feeds to make up range 
deficits. Such a decision might tend to reduce fluctuations in incomes as well 


as raise the level of income. 


If, however, sinmlation shows that both range and feedlot operations are 
profitable and that the buying decisions cannot be markedly improved, then the 
conclusion is that it is virtually impossible to reduce the wide fluctuations 
in incomes due to the exogenous variables of range conditions and prices. This 


is a conclusion of considerable importance. The manager is then forced to accept 
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FIGURE 13. 1956: Comparison of Distribution of Net Farm Income from 


Alternative Price Expectation Models 
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FIGURE 14. 1957: Comparison of Distribution of Net Farm Income from 
Alternative Price Expectation Models 
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FIGURE 15. 1958: Comparison of Distribution of Net Farm Income 
from Alternative Price Expectation Models 
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FIGURE 16. 1959: Comparison of Distribution of Net Farm Income 
from Alternative Price Expectation Models 
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wide variability as unavoidable. He might therefore be led to investigate possi- 
bilities to improve the technical efficiency of the firm -- better feed conver- 
sion, faster gains, lower costs, etc. Included as possible improvements would 
also be development of the management's skill in buying and selling cattle on the 
most favorable terms as to price and quality, given the general level of exogen- 
ous cattle prices. 


PART V 


IMPLICATIONS OF STUDY 


This report has shown the methodology of simlating the decision-making en- 
vironment of a range-feedlot operation and has presented the results of manage- 
ment's decision-making processes within this simulated environment. The environ- 
ment, as is the case for most firms in agriculture, contains two components about 
which farm managers have imperfect knowledge. First and foremost is weather. In 
the range-feedlot operation, the growth of the range grass and subsequent feed 
supply are affected by rainfall and other climatic conditions which occur from 
October through June. Second, by no means of lesser importance than weather, is 
the price component. Prices of outputs and inputs are difficult for farm managers 
to forecast when decisions must be made several months before the final outcome 
is definite. In the range-feedlot operation, buying decisions regarding feeder 
animals to fill the feedlot in May and June seemed to be a crucial point at which 
the profits of the firm were particularly subject to the forecasting accuracy of 
the management. 


The particular methodology used in the study was that of industrial dynamics. 
The main concept of industrial dynamics is the information feedback mechanism in- 
volved in decision making, and the time dependent interrelations among the compo- 
nents of the system. An information-feedback mechanism is one in which the en- 
vironment leads to a decision that results in action which in turn affects the 
environment. It is a concept with which everyone is familiar from his contact 
with such biological and physical systems as body temperature control and the 
temperature control of a thermostat. However, as a concept, it has been given 
little attention in farm management research. In this study, the information-feed- 
back concept was used in formulating the decisions to buy feeders for the range 
and to transfer animals to the feedlot. As information became available to the 
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management on range conditions, the rate of transfer to the feedlot controlled 

the environment in which subsequent decisions would be made. This rather obvious 
description of what most farm managers do in arriving at stocking rates for pas- 
ture and range has been largely outside the reach of techniques of farm manage- 


ment research to date. 


The time dependent interrelations among the decisions which management makes 
in an operation such as the one reported here is another feature of reality which 
present research techniques have not fully recognized. Dynamic programming and 
linear programming have been applied to some simplified problems of decision 
making through time. However, the complexities of reality in even such a small 
operation as reported here present a tremendous challenge to these techniques. 
Forrester has made the point that reality may be so complex that the basic con- 
cept of optimizing inherent in "programming" techniques may be meaningless. Ob- 
viously, "programming" has a definite place in the economist's kit of tools; but, 
the economist must recognize when he has sacrificed the essence of the problem 
for the simplicity of the tool. 


Although maximizing and minimizing decision processes can be built into a 
simulation, the experimental approach was taken by this study toward understand- 
ing the dynamics of the system as a whole. We attempted to describe the basic 
dynamic structure of the range-feedlot operation so that tests could be performed 
on hypothesized improvements in the system. This study has concentrated on a 
farm management problem which has received considerable verbal and cursory at- 
tention in the field -- the formulation of appropriate expectation models for 
input and output prices. Research in this area has been hampered by the enor- 
mous task of testing expectation models in an environment which even vaguely re- 
sembles reality. The experimental approach of this study has shown how various 
expectation models interact with the dynamics of reality and how the level and 
stability of income obtained can be used as a criterion of choice among the mod- 
els. Thus, an approach has been demonstrated which may prove to be a major step 
forward in the study and testing of expectation models. 


Simulation is made feasible only by two technological developments in the 
past 15 years; namely, digital computers and a flexible easily understandable 
simulation language. In the area of calculations, the digital computer has re- 
duced the cost of arithmetic computations by a factor of ten thousand. In the 
foreseeable future this will be reduced still further. An estimate by one of 
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the founders of digital computers, Jay W. Forrester, places the cost reduction 

in the area of one hundred thousand. This fact, in itself, places every farm man- 
agement researcher in a totally different research environment than existed just 
a few years ago. The feasibility of Simulating complex dynamic nonlinear systems 
is within the grasp of the present generation of agricultural economists. The de- 
velopment of the DYNAMO simulation language used in this study and presented in 
some detail in this report provides the necessary tool to take advantage of the 
computing facilities now available. DYNAMO was developed to simulate industrial 
systems in which many more of the variables are endogenous to the system than is 
the case in agriculture. Yet the DYNAMO language is sufficiently flexible that 
the authors were able to adapt it to handle all of the environmental conditions 
and decision processes which arose in this study. 


Criticisms frequently leveled against the increased use of computers in re- 
search are that the researcher becomes isolated from the basic data of the prob= 
lem, the analysis becomes too mechanical, and the researcher has little chance 
to use his intuition and judgment. But in programming a system for simulation, 
the researcher becomes intimately acquainted with the decision-making processes 
and the basic data of the operation. In a certain sense, he probably will have 
a better understanding of the total system than the managers themselves. The 
experience of having to specify the dynamics of the system in mathematical equa= 
tions forces the researcher to formate each decision explicitly. One recom= 
mendation based upon the experience of this study is that researchers need to 
learn the simlation language in order to formate the appropriate programming 
procedure. The researchers also should present management with the results. 


Applications to Farm Management 


Simulation is a way of modeling reality. It is a way of building a theory 
about reality. Because of the availability of simulation languages and digital 
computers, it is now possible to build models which account for many aspects of 
reality heretofore beyond our analytical techniques. In cases where uncertainty 
characterizes the decision-making environment and a large number of time related 
interrelationships among variables exist, simulation would appear to be a promis- 
ing tool of analysis. 


In farm management research at the firm level, which has been the emphasis 
of this study, some degree of caution should be raised in recommending simulation 
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as a general means of analysis. It would be tempting to use simulation for al- 
most any size of problem; but, it should be made clear that unless simulation pro- 
vides answers to questions which cannot be answered by simpler techniques, it is 
doubtful that it should be used at the firm level. However, there are 4 large 
number of questions at the firm level which existing techniques cannot adequately 
answer. As was emphasized throughout this report, these involve questions of 
decision making under uncertainty, expectation formulation, and other dynamic 


characteristics of farm management. 


As soon as problems involving aggregations beyond the firm level are con- 
sidered, one finds that simlation competes directly with most other analytical 
techniques. In problems where a large number of variables are involved in non- 
linear and dynamic fashion, simulation is probably the only feasible approach. 
Nonlinearities and dynamics characterize almost any aggregate study in farm man- 
agement from supply adjustment to regional and interregional development studies. 
If the complexities of reality are to be studied in depth, then simulation 
should be a major tool to consider. One should be reminded that the philosophy 
of simulation is to make improvements in the system which may not necessarily 
satisfy optimizing criteria. However, the criteria of improvement must be well 
specified in order that hypothesized improvements can be tested. Criteria which 
may be satisfied by proposed improvements are: greater stability, shorter lags 


in response, and less dispersion of an income stream. 
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APPENDIX A 


SPECIAL FEATURES OF DYNAMO 


~Tl« 








Form of DYNAMO Equations 


The time notation used in writing the equations follows from the discussion 
in the text and Figure 5. Level equatians use the letter K or J, auxiliaries use 
K or JK, and rates use JK and KL. The exact subscript relation between variables 
on the left-hand side and right-hand side of an equation are shown in Table A-l. 


Constants and initial values of variables have no time subscript. 


TABLE A-1 


Subscript Notation Used in DYNAMO 
Subscript on vari- 
Variable on left Subscript able on right if 
of equation on left wees is 


Level Equations 


Level equations are the time integrals of the net flow rates, i.e., the sum- 






mation of the difference between the input and output rates of flow into and out 
of a level. There are various level equations which can be used in DYNAMO but 
the following illustrates the basic idea. 


1L V.K=V.J + DT (IN.JK-OUT.JK) 


Equation 1L is a difference equation which sums the previous value of vari- 
able V at J and the difference between IN and OUT. IN is the inflow rate into 
the level V and OUT is the outflow rate during the time interval JK. Subscripts 
indicating time are designated in DYNAMO language by the notation given in the 


above equation. 


iy The designation 1L is the form number of the equation as used in DYNAMO. 
Numbers which precede equations in this section are form numbers used by DYNAMO. 


See Pugh, op. cit., pp. 20-21, 52. 
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Suppose: 


IN = 20 units per week 
ouT = 10 units per week and the initial value of 
V = 100 and 


DY = .1 week then 

V.K = 100 + .1 (20 = 10) = 101. Now when in the next time period 
vV.K becomes V.J, then the new 
V.K = 101 + .1 (20 = 10) = 102 and so on. 


The dimensions on V are always in number of units or items. 


Rate Equations 


The rate equations define the rates of flow between levels of the model. 


There are many algebraic forms which a rate equation can take. 
Two possible forms are: 


20 our.xL = “U 
where IN is an inflow rate and OUT is an outflow during time interval KL, V is 
a level at K and C is some constant which when divided into V or multiplied by 
V, provides the rates. The dimensions on rates are always in units per time in- 
terval. The important thing to notice is the time subscripts and that all rate 
equations are independent of one another since they depend only upon variables 
which have already been calculated. Interaction between rates will occur through 


time as the feedback from levels influence rates and, subsequently, levels. 


Auxiliary Equations 


Auxiliary equations are used when a rate equation is very complex. Since 
rate equations specify the decisions in a model they frequently involve a large 
number of variables which would make the rate equation unduly complicated; hence, 
a chain of auxiliary equations can be formulated to simplify the rate equation. 
The auxiliaries could be eliminated by a sequence of substitutions. This does 


if See the text material on pages 7 and 10 for a discussion of the sequence 
of calculations. 
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not mean that auxiliaries can form a set of simultaneous equations; in DYNAMO, 
a set of simultaneous equations is an incorrect equation formulation and an er- 
ror statement will be printed when the program is run on the computer. 


The following is a chain of two auxiliary equations which are combined to 
obtain a rate equation: 


2T X.K = a + U.K where V is a level and A a constant, 

_ (R.K) (8.x) 
yy U.K = 5 where R and S are levels and B a constant, 
48 T.K 


IN.KL = KK) WYK where T and Y are levels. 


Now equation 44 can be substituted into 27 and 27 into 48 to obtain: 


THD = TRS UERE (SRDS 
A B 

which is the rate equation dependent only upon levels and conse However, 

it is a complicated expression and unacceptable to DYNAMO. Therefore, the rate 

equation would be simplified by using the auxiliaries. Following are some of the 

special equation forms which are used in the model. Examples are taken from the 

model on pages 95 to 101. 


Step Equation 
A step equation is one in which the value of a variable increases in steps 
at specified intervals of time. The equation for DYNAMO is written: 


45 V = STEP (4P, Q) in which: 
V = initial value if TIME <Q 
vV=P if TIME =Q 


An example from the model is: 


DOR.KL = STEP (1,1) 
1/ Notice that the rate equation after the substitutions have been made have 
no form number, which means DYNAMO would not accept such an algebraic expression. 
Only equation forms acceptable to DYNAMO can be included in an expression. See: 


Pugh, ODe CLG. , pPpe 52-55. 
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in which the variable DOR is increased by one day each time that TIME equals one. 
TIME is a variable which the DYNAMO program counts automatically and is the num- 
ber of DI's for which calculations have been made. In the model DT = one day, 
hence, TIME counts the days; however, if DY = .1 day then TIME would count to 10 
before the step would be made. In this latter case Q = 10. 


Clip Equation 
The clip equation specifies different values of the dependent variable when 
certain conditions are satisfied. The equation for DYNAMO is written thus: 


51 Vv = CLIP (+P, +Q, +R, +S) in which: 
V=PifR2s 
VeQirR<S. 


An example of a rate equation from the model is: 


DORO.KL = CLIP (360, 0, DOR.K, 360) 


in which the variable DORO is equal to 360 when DOR, the variable given by the 
step equation above, is equal to 360, or equals O when DOR is less than 360. 


Switch Equation 

The switch equation is similar to the clip equation but the conditions under 
which the dependent variable changes are more restricted. The equation is written 
thus; 


Xe) Vv = SWItcH (+P, +Q, R) in which: 
V=PifR=0 
V=Qif R #0. 


This was a very useful equation for getting rates to occur at the appropriate 
times in the model. 


An example is: 
JCRR.KL = SWITCH (DJCRR.K, JFMCR, DJCRR.K) 


in which the rate JCRR equals DJCRR, an auxiliary specified in another equation, 
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or JFMCR, a constant, when DJCRR another auxiliary equals O or not 0. DJCRR was 
specified by a TABHL equation discussed in the next paragraph. 


Table Equation 


The table equation provides the means of specifying the relationship between 
an independent and dependent variable. It can be written in two ways: 


TABLE (NAME, P, =N1, +N2, 4N3) or 
TABHL (NAME, P, +N1, +N2, +N3) 


wn wy 
© oO 
<< 
iT] ul 


where, NAME is the name of the table in which the numbers are specified, P is the 
independent variable, Nl is the lowest value of the interval of the independent 
variable, N2 is the highest value and N3 is the length of successive increments 

of the independent variable when the value of the dependent variable changes. The 
distinction between TABLE and TABHL is that the independent variable cannot exceed 
Nl or N2 in TABLE but can in TABHL. Continuing the example above: 


DJCRR.K = TABHL (DORTJ,DOR.K, 30,60,15) 


in which the independent variable is DOR and the values of DJCRR are taken from 
a graph in Figure A-l, 


DJCRR 
10 
0 
0 30 45 60 360 
DOR 


FIGURE A-l. Graph of Relationship between DJCRR and DOR 
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In the program the values of the dependent variable DJCRR are given in the form: 
DORTJ* = 0/10/0 . 


Since a TABHL equation is used, whenever DOR is between O and 30, or 60 and 360, 
the value of DJCRR is automatically taken to be 0. If a TABLE equation had been 
used the value of DJCRR would have to be specified over the entire interval of 
DOR from 0 to 360. Hence, DORTJ would have to have 25 values instead of only 3. 
The table equations of DYNAMO automatically interpolate linearly between the 
values specified in DORTJ. Curved graphs can be specified only by using linear 
segments; however, the increment in the independent variable N3 can be specified 


small enough to allow any degree of approximation desired. 


S le uation 


The sample equation will draw a sample from a specified probability distri- 
pution at specified time intervals. The equation for DYNAMO is written thus: 


43 V = SAMPLE (+P, Q) where 


V is set equal to P at sample times separated by intervals of length Q. The vari- 
able P takes on the value of a random number given by one of two other equations 


which specify a uniform or normal distribution. The uniform distribution is given 


by: 


33 Pp =(R) NOISE and the normal distribution is given by: 
34 P = (4R) NORMRN (4M, S). 


The equation with form number 33 gives P as random numbers uniformly distri- 


buted between - 5 and a. In equation 34, P is the product of +R times random num- 


pers normally distributed (normal deviates) with mean +M and standard deviation S. 


This set of equations was used extensively in the model to simulate various 


range conditions. 


An example is: 


RCD.K = SAMPLE (UDRC.K, 360) 
UDRC.K = (35) NOISE 
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RCD is the range condition in December drawn randomly from a uniform distribution 
of range conditions (UDRC) at intervals of 360 days (DT's). The random numbers 
are uniformly distributed between -17.5 and 17.5. An example for the normal dis- 
tribution is: 


SNJ.K = SAMPLE (NDRC.K, 360) 
NDRC.K = (1) NORMRN (0, 6.25). 


SNJ is the sample number for January drawn at random from a normal distribution 
(NDRC) at intervals of 360 days. The random numbers are normally distributed with 
a mean of O and standard deviation of 6.25. 


One feature of the random number generator built into DYNAMO is that in re- 
runs of a model on the computer the same sequence of numbers will be generated. 
In this way modifications in the model can be made and tested using the same sim- 
lated environment. In the event that a different sequence of random numbers is 
desired this can be effected by inclusion of a NOISE card. 


Programming for 7090 Computer 


DYNAMO will do its intended task only if certain rules are followed in writ- 
ing the model equations and preparing the cards for processing. While all the 
details cannot be given here, sufficient information is provided so that the 
reader will be able to read and understand the next section of this report on 
the DYNAMO range-feedlot model. 


1. Up to and including five uppercase letters can be used to name variables 
and constants. Letters used to represent variables and constants in the equations 
should be chosen to display as much mnemonic meaning as possible, e.g., taking 
the first letter of the words describing the variables will aid in recalling what 
the variable represents. For example, DOR stands for Days On Range. 


2. The variable type and the equation form number must be punched in the 


first three columns of each card that contains a variable, constant, or equation. 


a. The form numbers are given in DYNAMO User's Manual on pages 52-55. 


(Some examples were shown in the previous subsection.) 


1/ Pugh, op. cit., p. 36. 
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be. The letters designating the variable types are: L = level, R = rate, 
A = auxiliary, C = constant, and N = initial value. A NOTE is not processed by 
DYNAMO but can be used by the programmer to aid in organizing and spacing his 


program. 


3. The exact punching format for the equations must be followed. Examples 
can be seen in the model on page 95. See the DYNAMO User's Manual for details. 


4, Equations may not extend beyond Column 72. Continuation cards must be 
used if more space is required and are punched with an X n in columns one and 
two (n=1,.. . , number of cards required for information). A space must fol- 
low the end of the equation or constants. After the final space any comments may 


be added, e.g., the name of the variable or units of numerical values. 
5. Cards can be numbered in Columns 73 through 80. 


6. In order to get a model started on the computer, certain variables re- 
quire an initial value. All levels require an initial value. DYNAMO will pro- 
vide initial values for auxiliaries and rates as long as no set of simultaneous 


equations has been included in the model. 
7. Direction cards included in the model are: 


a. Identification which is the first card in a deck, contains the prob- 
lem number, programmer's number, DYN, TEST, minutes run is expected to take, maxi- 


minutes to allow program to run, and 0,0. 


b. RUN which assigns a number to the particular computer run. This num- 


ber will appear on each page of printed or plotted results. 


c. SPEC which specifies DI, LENGTH, PRTPER AND PLTPER. Df? is interval 
of time between J and K; LENGTH is the length of time for which the model is run; 
PRIPER is the interval of time between printing of the results; PLTPER is the in- 
terval of time between plotting of the results. PRIPER and PLTPER are chosen as 
integral multiples of DT. 


d. PRINT which tells the computer the tabular form that is desired for 
the results. The PRINT card can be seen on page 101. Time is automatically printed 
in the leftmost column. The variable name and the scale factors are printed auto- 
matically. DYNAMO will use its own scale factors or they can be specified on the 
PRINT card. For further details of setting up the PRINT card see DYNAMO User's 


Manual. 
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€. PLOT which tells the computer which variables to plot. The quantities 
which should bear the same scale can be specified, but the choice of scale can be 
left to DYNAMO. When PLIPER = O no PLOT card is required. Although plots were 
obtained for some runs of the model, they are too voluminous to include here. They 
were useful, however, in providing a quick check on the model's performance in ini- 
tial runs. 


8. A deck of cards for a run on the computer consists of an identification 
card followed by a RUN card and then the model. The order of cards for the model 
is arbitrary except for continuation cards. They must follow the parent card. 
DYNAMO does the rest. Reruns of the same model in which given constants are varied 
can be accomplished by providing another RUN card followed by the new values of 
the constants. New equations can only be introduced into the model by starting 
the deck through again. 


9. One of the outstanding features of DYNAMO simulation is that there is a 
precompiling program available on the IBM 1620 computer which will check for most 
errors which programmers make in writing DYNAMO programs. Those errors which the 
1620 doesn't find are first sought out by the DYNAMO program on the 7090 and 
printed on the online tabulator. The errors must be corrected before proceeding. 
In this way a minimum of 7090 time is used before the model is actually compiled 
for generating the results. 
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Introduction 


This appendix is concerned with the specific equations of the model. Each 
decision is described under a separate heading wherein the equationsare discussed. 
The entire set of equations are presented on pages 95 to 101. Reference will be 
made to sets of equations by referring to the card numbers which appear on the 
far right of each line. (The type of equation indicated by the number at the 


far left is discussed in Appendix A.) 


Decisions on Buying Rates of Feeders for Range 


The decision to buy the 300-pound feeders in January, February, and March 
does not depend upon any other variables in the model except the time of the 
year. Hence, the equations on cards number 12 through 20 are concerned with 
getting the buying rates JCRR, FCRR, and MCRR to occur on the appropriate days.© 
This is accomplished by using the SWITCH and TABHL functions. The constant rate 
of buying feeders for the range is 13.79 head per day which will occur for 29 
days each month according to the TABHL function. The variable JFMRR is the 
total number purchased during the three months and is used to obtain the total 
number of beef on range (TNBR) on card number 141. 


Similar to the previous decision, the buying rate decision in October and 
November depends only upon the time of the year. A SWITCH and a TABHL function 
provide the means for the rate of 23.73 head per day to occur for 59 days between 
270 and 330 days on range. 


The decision concerning the number of 465-pound feeders to buy in December, 
January, and February depends upon the range conditions existing during each 
respective month. For December a sample is drawn from a uniform distribution 
(Table 5) with an interval of 35. The equation on card number 26 draws a sample 
every 360 days and the equation on card number 27 specifies the appropriate uni- 


form distribution. The function defined on cards number 25 and 29 gives the 


u/ The number of days on range or the number of days in a year are counted 
by the equations on cards number 9 through 11. There are 360 days in the model's 
year and 12 months of 30-day duration. 

Each variable discussed in this section is usually defined on the card 
on which it is the dependent variable. 

29 x 13.79 = 400 head. The way the TABHL function operates it is neces- 
sary to specify the rate and number of days in this way. 
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stocking rate per day as a eo of range conditions. It is a linear func- 
L 


tion as shown in Figure B-l. 





Stocking rate per day 


“17.5 0) L(.5 
Sample numbers representing range conditions 


FIGURE B-1. Stocking Rates as a Function of Range Conditions 


The SWITCH and TABHL equations on cards number 30 and 31 provide that the 
rate decision occurs on 29 days between 330 and 360 days on range. 


/ This figure is identical to Figure 8 except that the horizontal axis has 
been transformed for programming purposes, and the vertical axis now represents 
rates per day rather than the rates per month. 

See footnote 3/ on page 85. 








The mechanism for making the stocking rate decision in January and Febru- 
ary is similar to the December decision except that the sample number is drawn 
from a normal distribution with a mean of zero and a standard devistion of 6425 
(Table 5) and it is added to the value from the previous month. The stocking 
rates are taken from a table constructed from Figure B-l. ‘The equations for 


January and February appear on cards number 33 through 44. 


Decisions on Transfer Rates of Feeders 
from e to Feedlot 


The 300-pound animals which were placed on the range in January, February, 
and March are ready to be transferred to the feedlot the following February, 
March, and April at the same rate at which they were placed on the range. The 
equations which simulate these transfer decisions appear on cards number 48 
through 59. The equations for the January rate (cards no. 48-50) are included 
for flexibility in the event that it is desirable to test for the effects of 
earlier transfer. Including a rate for each month, JTFLC, FIFLK, MIFLK, ATFLK, 
also introdwes flexibility into the program in the event that tests will be 
made of different rates of transfer. 


The number of 465-pound animals that were placed on the range in October, 
November, December, January, and February to transfer in March, April, May, and 
June involve a decision dependent upon range conditions, the number of animals 
on range and the concept of the flow-stock nature of the range feed supply. The 
management can adjust the number of animals on the range during any month, say 
March, by observing the range condition every day if necessary. To simulate 
this situation, a desired number of animals to have on the range on the first 
of April was determined (card no. 69). This was established in the model by 
first drawing a sample number from a uniform distribution with an interval of 
20 (Table 5) (card no. 67). Next, this sample number was added to the March 
first range condition plus a shift of five (see page 21) (card no. 68). ‘The 
March first range condition was found by drawing a sample number from a uniform 
distribution with an interval of 20 (cards no. 61, 62), adding this to the Feb- 
ruary sample number, plus the mean range condition (Table 5) and a shift of 
five (card no. 63). Finally, the desired number of animals to have on the 
range (DNRA) (card no. 69) was taken from a table constructed from Table 6. 


The usual number of animals (URORM) which would be transferred during the 
month of March, if this number depended only upon the number of animals on the 
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range at the first (NRFM) (card no. 73), is given by a TABHL function (card no. 
TL) constructed from Table 6.4 


The difference (card no. 85) between the number of animals on range the 
first of March (NRFM), the usual number off range during March (URORM), and the 
desired number on range the first of April (DNRA) is the number of additional 
animals which can be transferred to the feedlot during March. The fraction of 
this difference which is actually transferred depends upon the concept of the 
stock-flow condition of the range feed supply. The actual number transferred 
during March (ANORM) (card no. 86) is the usual number plus some adjustment con- 
stant (RAK) times the difference defined above (card no. 85). When RAK is equal 
to 1, a flow concept of the range feed supply is implied; when RAK is equal to 
0, a stock concept is implied. In this model it was assumed RAK = 0.5 (see 
page 32). The actual rate of transfer of animals to the feedlot is the actual 
number divided by the number of days (card no. 89). ‘The TABHL function on card 
number 91 assures that the rate occurs during the 29 days between 60 and 90 days 


on range. 


A numerical example at this point may aid in understanding how this se- 
quence of equations simulates the decision to transfer animals from the range 
to the feedlot. Suppose the sample number drawn for March was 8, the number 
for April was -3, and the range condition in February was h, then the range con- 
dition on the first of April would be: 


RCAK=4+8+5+ 78-3+5=97 


The desired number to have on the range the first of April would be 2850 
(card no. 70). Suppose that there are 3300 animals on the range the first of 
March (card no. 73), then the usual number to remove during March is 825 ani- 


mals (card no. 72). The difference defined on card number 85 is: 


DNUD.K = 3300 - 825 - 2850 = -375 


that is, the range is somewhat understocked for the present "good" condition of 


the range. Hence, the actual number which would be transferred is: 


1/ Equations on cards number 75 through 83 are used to balance the account- 
ing equation for NRFM on card number 73. 
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ANORM.K = 825 + (0.5) (-375) = 638. 


The daily rate would be: 


ARORM.K = 22 head. 


A similar procedure is used to obtain the actual rate of transfer to the 
feedlot during April (cards no. 93-112) and May (cards no. 114-129). During 
June the remaining animals are removed (cards no. 130-137). The sequence of 
level equations on cards number 138 through 140 count the numbers of animals 
going onto the range and being transferred to the feedlot. The equation on 
card number 141 adds these numbers. 


Decisions on Direct Buying for the Feedlot, May and June 


The decision to buy additional 600-pound feeders to fill the feedlot in 
May and June depends upon the capacity of the lot, the number of animals still 
to be transferred from the range, and the relationship between the feeder prices 
and the expected prices of slaughter animals 145 days hence. First, the model 
simulates this situation by calculating the maximum possible number of animals 
to buy (MAXNB) (card no. 147). It subtracts from the capacity the total number 
in the feedlot at present (TNIF), and the total number on the range still to 
be transferred (TNBR - JFMB). The remaining terms in the equation on card num- 
ber 147 are accounting terms to keep MAXNB constant during May and June. Second, 
the model selects a buying rate adjustment factor (card no. 153) from a table 
constructed from Figure B-2 (cards no. 154-156). Then, the constant is multi- 
plied times the maximum number to buy per day (card no. 151) on card number 160. 
The May buying rate occurs between 120 and 150 days on range as determined by 
the SWITCH function on cards number 161 and 162. The same procedure applies 


to June. 


Buying Rate Adjustment Constant 


The buying rate adjustment constant when the expected slaughter price is 
assumed known for certain is shown in Figure B-3.% This corresponds to Price 
Expectation Model B (page 36). Other runs of the model used Price Expectation 


ce The three figures presented in this section are based on the general 
concept illustrated in Figure 9. 


-89- 


Buying rate adjust- 
ment constant 


Lt 26.50 29.50 31 
Feeder prices in May and June 
FIGURE B-2. Buying Rate Adjustment Constant as a Function of 


May and June Feeder Prices when the Previous Year's 
Slaughter Prices are Bxpected (Model A) 


Buying rate adjust- 
ment constant 


o “LT 29.25\ 31 
Feeder prices in May and June 29.50 


FIGURE B-3. Buying Rate Adjustment Constant as a Function of 
May and June Feeder Prices when the Slaughter 
Price is Known with Certainty (Model B) 


Buying rate adjust- 
ment constant 


0 17 22.50. 31 
23.50 
Feeder prices in May and June 


FIGURE B-4, Buying Rate Adjustment Constant as a Function of May 
and June Feeder Prices when the Expected Slaughter 


Price is Based on Seasonally Adjusted May and June 
Prices (Model C) 
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Models A and C. For example, these two runs are shown at the end of the program 
where in the first (cards no. 326-338) the previous year's slaughter prices are 
expected (Model A) and in the second (cards no. 340-351) the seasonally adjusted 
May and June slaughter prices are expected (Model C). For Model A the buying 
rate adjustment constant comes from a table (cards no. 336-338) constructed from 
Figure B-2. For Model C the buying rate adjustment constant comes from a table 
(cards no. 350-351) constructed from Figure B-4. 


In each of the figures the value of the feeder prices at which the buying 
rate adjustment constant becomes zero is the buying break-even point (page 33). 
The length of the interval between this break-even price and the price at which 
the buying rate adjustment constant becomes one indicates the degree of confi- 
dence (uncertainty margin) with which the management holds each of the expecta- 
tion models. Thus, in the case in which management forecasts the slaughter 
price with greatest confidence the length of the interval is only $0.25 (Figure 
B-3). However, the case in which least confidence is shown the interval is 
$3.00 in length (Figure B-2). In the intermediate case the interval is $1.00 
in length (Figure B-4). 


Decisions on Sales Rates 


In this model the decision concerning the time to sell the slaughter ani- 
mals from the feedlot depends upon the number of days that the animals have been 
on reea.W/ The 1200 animals which come into the feedlot in February, March, 
and April (cards no. 53-59) are sold during the period of 164 to 256 days on 
feed (card no. 177). 


Since the animals which came into the feedlot during March, April, May, 
and June came in at variable rates, each of these rates are accumilated (cards 
no. 180, 186, 192, 199) and then divided by 29 (cards no. 181, 187, 194, 201) 
to give the daily rate of sales. The SWITCH and TABLE functions are used to 


assure that these rates occur in the appropriate time interval = 


1/ Although the days counter (cards no. 9-11) which was used for days on 
range could be used again in this part of the program, a new counter, DOF days 
on feed (cards no. 172-174) was inserted to help the programmer keep the sec- 
tors of the model separate. 

2/ This variation in the use of TABLE in contrast to TABHL in other sections 
of the program shows the greater efficiency in card punching for TABHL. 
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The equation on card number 208 accumulates all of the sales rates; the ac- 
cumulation of rates of animals coming into the feedlot was calculated on cards 
number 139 and 140. The total number of animals in the feedlot at the present 
K time is calculated by the equation on card number 210. 


This completes the discussion of the specific decisions which are involved 
in the model. The remainder of the program contains the accounting equations, 
initial values, and the input to the model. These are discussed in the next 


three subsections. 


Accounting Sector of Model 


Equations on cards number 218 through 227 calculate and accumulate the 
revenue from sales of animals whenever these sales may occur.+ Prices by 15- 
day intervals are given on cards number 229 through 231. The 1962 prices ap- 


pear here; any other set could be used in the initial run of the program. 


Feeder costs for the animals with an initial weight (Il) of 300 pounds are 
accumulated by the equation on card number 235. The costs of animals with an 
initial weight (IW) of 465 pounds are accumulated by cards number 237 through 
243. The costs of feeders purchased in May and June at 600 pounds initial 
weight (I2) are accumulated by cards number 245 through 247. The 1962 prices 
of the 300- and 465-pound feeders are given as the input to the program on cards 
number 318 and 319 by 30-day intervals. The 1962 prices for the 600-pound 
feeders purchased in May and June are given on cards number 155 and 156. 


Total feed costs are accumulated by the equation on card number 255. The 
feed cost rate (card no. 251) is calculated by miltiplying the total number of 
animals in the feedlot at any time (TNIF) times the feed costs per day per head 
(FCPH). The feed costs per head per day are given by a TABLE function on cards 
number 252 through 254. 


The difference between the total revenue (TR) (card no. 259), and the sum 
of the total feeder costs (TFDC) (card no. 260) and the accumulated feed costs 
(AUFC) (card no. 255) is calculated by the equation on card number 261 and is 
called PRFIT for gross profit. 


1/ The ideal form of level equation would be of the form: V = V+ (Df) (xX) 
(zZ) (P + Q) which is not available in DYNAMO. However, one of the form: V = 


P+ = F 1 
Vv + (Dr) (E34) is available. Thus, Y was calculated as TX) (z) to obtain the 
desired result. 
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Initial Conditions of Model 


Three initial conditions that are nonzero for this model are days on range 
(DOR) (card no. 265), days on feed (DOF) (card no. 280), and number of beef on 
range (BIN) (card no. 275). ‘The model run was started on the 33lst day (Decem- 
ber 1) when 2600 animals were on the range. This starting point was selected 
because at this point the fewest number and simplest possible decisions had 
been executed for the new range year. Also the feedlot is empty at this time, 
hence, BOFFl and BOFF2 could be set equal to zero. Four other nonzero initial 
conditions are constants, final slaughter weight (FW = 1000 pounds) (card no. 
310), initial weight of feeders bought in January, February, and March (Il = 
300 pounds) (card no. 311), initial weight of other feeders bought for the range 
(IW = 465) (card no. 312) and initial weight of feeders bought for the feedlot 
(12 = 600) (card no. 313). ‘The remaining initial conditions are all zero. The 
initial conditions are presented on cards number 265 through 300 in the order 
in which the variable appears in a level equation in the model. Initial values 
on cards number 302 through 309 set the range conditions to zero. 


Input to the Model 


The 1962 feeder calf prices are specified as the input to the model. This 
could have been specified as part of the regular program as DYNAMO does not 
distinguish this input part of the program from the regular part. The form of 
the input in this model is somewhat different from that suggested by Forrester.+ 
However, placing the exogenous variables apart from the endogenous ones is no 


doubt a practical expedient for the programmer. 


Remaining Cards 


The print statement on cards number 320 through 323 specify the quantities 
to be printed in the tabular form in which they will appear. The SPEC card number 
324 tells the computer (1) the interval of time between computations, DT = 
1 day, (2) the length of time to run the model, LENGTH = 14430 or 40 years and 
30 days, (3) how frequently to tabulate the results, PRIPER = 5 or every 5 days, 
and (4) how frequently to plot the results, PLIPER = O or no plot is desired. 


1/ Forrester, op. cit., p. 248. 
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The RUN card (card no. 325) specifies another run of the model using a dif- 
ferent set of feed costs (cards no. Sey 328) » Slaughter prices (cards no. 329- 
331), feeder prices in May and June (cards no. 332, 333) , other feeder prices 
(cards no. 334, 335), and the May and June buying rate constant (cards no. 336- 


338). 





ee 


TABLE B-1 


DYNAMO Equations of Range-Feedlot Model 


HD1-1, DYN, TEST, 4,10,0,0 
HD1962 


MODEL OF M-S FEEDLOT 


RANGE SECTOR 
STOCKING RATES 


DOR. K=DOR.J+( DT) (DORS.JK-DORO.JK) 
DORS. KL=STEP(1,1) 

DORO. Kl=CLIP( 360, 0, DOR. K, 360) 

JCRR, KL=SWITCH( DJCRR.K, JFMCR, DICRR.K) 
DJCRR. K= TABHL( DORTJ , DOR. K, 0, 30,15) 
DORTJ*=0/10/0 

FCRR. KL=SWIICH( DFCRR. K, JFMCR, DFCRR,K) 
DRCRR. K=TABHL(DORTJ , DOR. K, 30,60,15) 
MCRR. Kl=SWITCH( DMCRR.K, JFMOR, DMCRR. K) 
MCRR. K=TABHL(DORTJ , DOR.K,60,90,15) 
JFMOR=13.79 


DAYS ON RANGE 


JAN CONSTANT RANGE RATE 


FEB CONSTANT RANGE RATE 
MAR CONSTANT RANGE RATE 


HEAD PER DAY 


JFMRR. K=JFMRR.J+( DT) (JCRR.JK+FCRR.JK+MCRR.JK+0. ) 


DONRR. K=TABHL( DORT, DOR. K, 270, 330,15) 
DORT*¥=0/10/10/10/0 

ONRRK=23.73 

ONRR. KI=SWITCH( DONRR. K, ONRRK, DONRR. K) 
RANGE CONDITIONS AND RATES 

RCD. K=SAMPLE( UDRC.K, 360) 

UDRC. K=(35) NOISE 

SRD. K=TABHL(SRTBL, RCD.K,-17.5,17-5,17.5) 
SRTB1L*=4.,60/16.07/27.59 

DRR. KL=SWLICH( DDR. K, SRD.K, DDR. K) 

DDR. K=TABHL(DORTJ , DOR. K, 330, 360,15) 


SNJ .K=SAMPLE(NDRC.K, o 
NDRC.K=(1.)NORMRN(0,6.25 

RCJ .K= RCD. K+SNJ 6K 

SRJ .K=TABHL(SRTBL , RCJ.K,-17.5,17-5,17-5) 
JRR.KL=SWITCH(DIR.K, SRJ..K, DJR.K) 

DIR. K=TABHL(DORTJ , DOR.K,0, 30,15) 


SNF. K=SAMPLE(NDRC.K, 360) 

RCF.K=RCJ .K+SNF.K 
SRF.K=TABHL(SRTBL , RCF.K,-17.5,17-5,17-5) 
FRR. KL=SWITCH( DFR. K, SRF.K, DFR.K) 

DFR. K=TABHL( DORTJ , DOR. K, 30,60,15) 


RANGE TO FEEDLOT RATES 
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HEAD PER DAY 
OCT NOV RANGE RATE 


DEC RANGE CONDITION 
UNIFORM DISTRIBUTION 
STOCKING LEVEL DEC 


DEC RANGE RATE 


SAMPLE NO JAN 
NORMAL DISTRIBUTION 
JAN RANGE CONDITION 
STOCKING LEVEL JAN 
JAN RANGE RATE 


SAMPLE NO FEB 
FEB RANGE CONDITION 
STOCKING LEVEL FEB 
FEB RANGE RATE 


yr 


TABLE B-1 continued. 


51R 
C 
58A 


4OR 
58A 


JIFL.KL=CLIP(0 ,JTFLC, DOR.K, 31 ) 
JTFLC=0.0 

DFIFL. K=TABHL(TDOR, DOR. K, 30,60,15) 
TDOR*=0/10/0 

FIFLK=13.79 

FIFL. KL=SWITCH( DFTFL. K, FIFLK, DFTFL.K) 
DMIFL, K=TABHL(TDOR, DOR. K,60,90,15) 
MIFLK=13.79 

MIFL,. KL=SWITCH( DMIFL. K, MIFLK, DMIFL. K) 
DATFL. K=TABHL( TDOR, DOR.K, 90,120,15) 
ATFLK=13.79 

ATFL. KL=SWI'TCH( DATFL. K, ATFLK, DATFL. K) 
RANGE CONDITIONS AND FDLOT RATES 

SNM, K=SAMPLE(UDRC2. K, 360 ) 
UDRC2. K= (20 )NOISE 

RCM, K=RCF. K+SNM. K+FSHFI+MEDRC 

FSHFT=5 

MEDRC=78 

SNA. K=SAMPLE(UDRC3.K, 360) 

UDRC3.K=(20 )NOISE 

RCA. K=RCM, K+SNA. K+FSHFT 

DNRA. K=TABHL(DNRAT, RCA.K,61,95,17+5) 
DNRATX*1350/2100/ 2850 


URORM. K=TABHL( URRMI, NRFM. K, 1800 , 3800 , 1000 ) 


URRMT*=450/700/950 


JAN TO FDLOT CONSTANT RATE 


HEAD PER DAY 
FEB TO FDLOT CONSTANT RATE 


HEAD PER DAY 
MAR TO FDLOT CONSTANT RATE 


HEAD FOR 29 DAYS 
APR TO FDLOT CONSTANT RATE 


SAMPLE NO MAR 

UNIFORM DISTRIBUTION 
MAR RANGE CONDITION 
SHIFT FROM FEB 

MEDIAN RANGE CONDITION 
SAMPLE NO APRIL 
UNIFORM DISTRIBUTION 
RANGE CONDITION APRIL 
DESIRED NO ON RANGE 


USUAL NO OFF RANGE 


NREM, K='TNBR. K-JFMB+AMIFL. K+AMRR.K-AMCRR.K+0.0 NO ON RANGE MARCH 


EQUATIONS TO BAL NRFM 

MIFLO. KL=SWITCH(P1.K, AMIFL.K, Pl. K) 

Pl. K=TABHL(R2, DOF .K, 358, 360,1) 
R2*=0/1/0 

MRRO. KL=SWITCH(P1.K,AMRR.K,P1.K) 
MCRRO. KL=SWITCH(P1.K, AMCRR.K, P1.K) 
AMIFL. K=AMIFL.J+(DT) (MIFL.JK-MIFLO.JK) 
AMRR. K=AMRR.J+( DI) (MRR.JK-MRRO.JK) 
AMCRR, K=AMCRR.J+( DT) (MORR.JK-MCRRO.JK) 
JFMB=1200 


DNUD. K=NRFM. K-URORM. K-DNRA. K 

ANORM. K=(URORM.K)(1. )+(RAK)(DNUD.K) 
RAK=.5 

ARORM. K=ANORM. K/ DAYA 

DAYA=29 

MRR. KL=SWITCH( DMR. K, ARORM. K, DMR. K) 
DMR. K=TABHL(DORTJ , DOR.K,60,90,15) 


SNMY. K=SAMPLE(NDRC.K, 360) 
RCMY.K=RCA.K+SNMY.K 

DNRMY. K=TABHL( DNMYT, RCMY.K,61,95,17-5) 
DNMYT*=900/1400/1900 


UROA. K=TABHL(URRAT, NRFA.K,1350,2850,750) 


URRAT*=450/700/950 
NRFA,. K=TNBR. K-J FMB+AARR, K+AATFL. K 
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ACC MAR TO FDLOT K 
ACC MAR TO FDLOT RR 
ACC MAR RANGE RATE 


DIFF NO USUAL DESIRED 
ACTUAL NO OFF MAR 
RANGE ADJUST CONSTANT 
ACTUAL RATE OFF MAR 


MAR TO FDLOT RATE 
SAMPLE NO MAY 

RANGE CONDITION MAY 
DESIRED NO OFF RANGE 
USUAL NO OFF RANGE 


NO ON RANGE APRIL 





TABLE B-1 continued. 


EQUATIONS TO BAL NRFA 

AARR. K=AARR.J+(DT) (ARR.JK-ARRO.JK) 
oe ee 
ACMBR. K=ACMBR.J+( DT) (MYBR.JK-MYBRO.JK) 
ARRO. KL=SWITCH(P1.K, AARR.K,P1.K) 

ro igreaien ae oie rae pag 
MYBRO. KL=SWITCH(P1.K, ACMBR.K, P1.K) 


DNUD2. K=NRFA. K- UROA.K-DNRMY.K 
ANORA. K=(UROA. K) (1 )+(RAK)(DNUD2. K) 
ARORA. K=ANORA. K/ DAYA 

pregrasnt tira ner arene ret 
DAR. K=TABHL(DORTJ , DOR. K,90,120,15 


SNJU. K=SAMPLE(NDRC.K, 360) 

RCJU.K=RCMY. K+SNJU.K 

DNRJ.K=TABHL(DNIT, RCJU.K,61,95,17.5) 
DNJT*=350/600/850 

UROMY. K=TABHL( URMYT, NRFMY. K, 900 ,1900, 500) 
URMYT*=550/800/1050 

NRFMY. K=TNBR. K-JFMB+AMYRR. K 

EQUATIONS TO BAL NRFMY 

AMYRR, K=AMYRR.J+( DI) (MYRR.JK-MYRRO.JK) 
MYRRO. KL=SWITCH(P1.K, AMYRR.K, P1.K) 


DNUD3.K=NRFMY. K-UROMY. K-DNRJ .K 

ANOMY. K=(UROMY.K)(1. )+(RAK) (DNUD3.K) 
AROMY. K=ANOMY. K/DAYA 

MYRR. KL=SWITCH( DMYR. K, AROMY..K, DMYR.K) 
DMYR. K=TABHL(DORTJ , DOR.K,120,150,15) 
ANOJ . K= TNBR. K-JFMB+AJURR. K 

EQUATIONS TO BAL ANOJ 

AJURR. K=AJURR. J+( D1) (JURR.JK-JURRO.JK) 
JURRO. KL=SWITCH(P1.K, AJURR.K, P1.K) 


AROJ . K=ANOJ.K/DAYA 
JURR. KL=SWITCH( DJUR. K, AROJ .K, DJUR.K) 
DJUR. K=TABHL( DORTJ , DOR. K,150,180,15) 


ACC APRIL TO FDLOT RR 
ACC APR TO FDLOTK RATE 
ACC MAY BUYING RATE 


DIFF NO USUAL DESIRED 
ACTUAL NO OFF APRIL 
ACTUAL RATE OFF APRIL 
APRIL TO FDIAT RATE 


SAMPLE NO JUNE 
RANGE CONDITION JUNE 
DESIRED NO OFF RANGE 


USUAL NO OFF RANGE 
NO ON RANGE MAY 

ACC MAY TO FDLOT RR 
DIFF NO USUAL DESIRED 
ACTUAL NO OFF MAY 


ACTUAL RATE OFF MAY 
MAY TO FDLOT RATE 


ACTUAL RATE OFF JUNE 
JUNE TO FDLOT RATE 


BIN. K=BIN.J+( DI) (DRR.JK+ JRR.JK+FRR.J K+ONRR.JK) 
Ee Rg il ag a ) 


BOFFe. K=BOFF2.J+( DT 
TNBR. K=BIN. K- BOFF1. K- BOFF2. K+J FMRR.K 


FEEDLOT SECTOR 
MAY AND JUNE BUYING 


(MYRR.JK+JURR.J K+ARR.JK+0. ) 


TOTAL NO BEEF ON RANGE 


MAX NO TO BUY MAY JUNE 


MAXNB. K=CAP-TNIF . K- INBR. K+J FMB-AMJJA. K+ACMBR.K+ACJBR. K+0. 


AMJJA.K=AMJJA.J+( DT) (MJJAS.JK-JJASO.JK) 
JJASO.KL=SWITCH(P1.K, AMJJA.K,P1.K) 
CAP=5000 

MAXBR, K=MAXNB. K/ DIMJ 

DIMJ=58 


-97- 


DAYS 


TABLE B-1 continued. 


BRKA. K=TABHL( TBRKA, FDPMJ .K, «17,31, .0025) BUYING RATE ADJUST CONSTANT 


FDPMJ. K=TABLE(FPMIT, DOR.K,1, 360, 30 

FPMJT*=.2458/, 2478/. 2488/". algu/. 2500/ .2416/ .2350/ .2395/ .2412/.2h12 
/ .2462/ 2506/2531 1962 M J FDER PRICE 
Tarcarel/1/1/1/ Uf /af// af /y/u/u/2/r/afa/u/2/2/a/a/r//r/afafr/ 
TBRKA%=1/1/1/1/1/1/1/1/1/1/1/1/1/1/1/1/1/1/1/1/1/1/1/1/1/1/1/1/1/1 
TR ce CT al lh ah 

AMYBR. K=(BRKA. K) (MAXBR.K 

MYBR. SEASePIO TaarER., K, a DMYBR. K) MAY BUYING RATE 
DMYBR. K=TABHL(DORTJ, DOR. K,120 5150, 15) 


AJBR. K=(BRKA.K)(MAXBR.K) 

JBR.KL=SWITCH( DJBR.K, AJBR.K, DJBR.K) JUNE BUYING RATE 
ACJBR.K=ACJBR. J+(Dr)(JBR.JK-JBRO. JK) ACC JUNE BUYING RATE 
JBRO.KL=SWITCH(P1.K, ACJBR.K,P1.K) 

DJBR.K=TABHL(DORTJ, DORK, 150, 180,15) 


SALES RATES 

DOFS. ee oed gid 

DOF. K=DOF.J+( DT) (DOFS.JK-DOFO.JK) DAYS ON FEED 
DOFO.KL=CLIP( 360,0,DOF.K, 360) 

MJJAS. KL=SWITCH( DJJAS.K, KIJAS, DIJAS.K) JUNE JULY AUG SEPT SALE 
DJJAS.K=TABHL(DORTJ, DOF, K, 16h, 256,46) 

KJJAS=13.19 HEAD FOR 90 DAYS 

ANM. K=ANM.J+( DT) (MRR.JK-MRRO.JK) ACC NO FEED LOT MARCH 
AJYSR. K=ANM. K/ DAYA 

JYSR. ee at are ee ae JULY SALES RATE 


DJYSR. K=TABLE(DOFT1 , DOF.K, 


DOFT1*=0/0/0/0/ ovafo/o/o/ty ero) Ate 0/0/0/0/0/0/0/0/0/0 


ANAU. K=ANAU.J+(DT)(ARR.JK-ARRO.JK) ACC NO FEEDLOT APRIL 
AAUSR. K=ANAU. K/ DAYA 
AUSR. KL=SWITCH(DAUSR.K, pore DAUSR.K) AUG SALES RATE 


DAUSR. K=TABLE( DOFT2, DOF .K,0,3 


DOFT2*=0/0/0/0/0/0/ Bi elaiaicro a ae 0/0/0/0/0/0/0/0 


ANSP. K=ANSP.J+(DT) (MYRR.JK+MYBR.JK-ANSPO.JK+O.) NO FEEDLOT MAY 
ANSPO. KL=SWITCH(P1.K,ANSP.K,P1.K) 

ASPR.K=ANSP.K/DAYA 

SPSR.KL=SWITCH( DSPSR.K, eae. ect SEPT SALES RATE 
DSPSR, K=TABLE( DOFT3, DOF .K,0 


DOFT3*=0/ 0/0/0/0/0/6/0/0/ 30a so) a 4 0/0/0/0/10/0/0/0/0/0/0 


ANOC , K=ANOC.J+( DI) (JURR.JK+JBR.JK-ANOCO.JK+O.) NO FEEDLOT JUNE 
ANOCO, KL=SWITCH(P1.K,ANOC.K,P1.K) 

AOCR. K=ANOC. K/DAYA 

OCSR.KL=SWITCH(DOCSR.K, ee: ar Sm OCT SALES RATE 
DOCSR. K=TABLE( DOFT , DOF.K 


DOFT4*=0/0/ O/avo/ ar Ryan brsic fore crale/o/al 0/10/0/0/0/0 
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TABLE B-1 continued. 


LEVEL IN FEEDLOT 


BSLL. K=BSLL.J+( DT) (MJJAS.JK+J YSR.JK+AUSR.JK+SPSR.JK+OCSR.JK+0. ) 
TOTAL NO IN FDLOT 

TNIF.K=BOFF1.K+BOFF2. K+AMBR2. K+AJBR2.K-BSLL.K+0.0 

Se ee ae 

AJBR2.K=AJBR2.J+( DT) (JBR.JK+0. ) 


ACCOUNTING SECTOR 
REVENUE 


MIJAA.K=MJJAA.J+(DI)(1/MJJAH.J )(MJJAS.JK+0.0) MAY J J ACC REV 

MJ JAH. K=1/ ((FW)(BPR.K) ) 

JYACR. K=JYACR.J+(DI)(1/JYRH.J )(JYSR»JK+O.0) JULY ACC REV 
JYRH.K=1/((FW)(BPR.K) ) 

AUACR. K=AUACR.J+(DT)(1/AURH.J )(AUSR.JK+0.0) AUG ACC REV 

AURH. K=1/ ( (FW) (BPR.K)) 

SPACR. K=SPACR.J+(DT)(1/SPRH.J)(SPSR.JK+0.0) SEPT ACC REV 

SPRH. K=1/((FW)(BPR.K)) 

OCACR. Ke OCACR.J+(DT)(1/OCRH.J )(OCSR.JK+0.0) OCT ACC REV 

OCRH. K=1/ ( (FW) (BPR.K)) 

BPR, K=TABLE( BPRT, DOF.K,1, 360,15) FAT BEEF PRICE 
BPRT=.2572/.2572/.2562/.2562/ .2638/ .2638/.2656/.2656/ .2656/ .2656/ 
.2602/ .2602/ .2569/.2569/ .2602/.2602/.2609/ .2609/ .2599/ «2599/ .2610/ 
.2610/.2692/ .2692/ «2690 1962 FAT BEEF PRICE 


FEEDER COSTS 

JFMCH. K=1/((I1)(FDPR.K) ) 

JFMAC.K=JFMAC.J+(DI)(1/JFMCH.J )(JCRR.JK+FCRR.JK+MCRR.JK+0.+0.+0. ) 
ONCH. K=1/( See ae ) 

ONAC. K=ONAC.J+(DT)(1/ONCH.J )(ONRR.JK+0.0) OCT NOV ACC COST 
DCH. K=1/((IW)(FDPR.K) ) 


DAC. K=DAC.J+(DT)(1/DCH.J )(DRR.JK+0.0) DEC ACC COST 
JCH. K=1/((IW)(FDPR.K) ) 
JAC. K=JAC.J+(DT)(1/JCH.J )(JRR.JK+0.0) JAN ACC COST 
FBCH. K1/((IW)(FDPR.K) ) 


FBAC.K=FBAC.J+(DT)(1/FBCH.J )(FRR.JK+0.0) FEB ACC COST 
MYCH. K=1/((12)(FDPMJ.K) ) 
MYAC.K=MYAC .J+( DT) (1/MYCH.J )(MYBR.JK+0.0) MAY ACC COST 
JUCH. K=1/((I2)(FDPMJ.K)) 
JUAC .K=JUAC.J+(DI)(1/JUCH.J )(JBR.JK+0.0) JUNE ACC COST 


TOTAL FEED COST 


VFC.KL=(TNIF.K)(FCPH.K) FEED COST RATE 

FCPH. K=TABLE(FCT, DOF.K,1, 360, 30) 

FOTP*=.597/.597/.597/.581/ »581/ .570/ .586/ .581/.581/.592/.597/.613/. 
62h 1962 FEED COST 
AVFC.K=AVFC.J+(DT)(VFC.JK+0.0) ACC FEED COST 


PROFIT 
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TABLE B-1 continued. 


10A TR, K=MJ JAA. K+J YACR, K+AUACR. K+SPACR. K+OCACR. K+0.0 259 
11A TFDC . K=JFMAC. K+ONAC.K+DAC. K+JAC.K+FBAC. K+MYAC.K+JUAC.K 260 
8A PRFIT.K=TR.K-TFDC.K-AVFC.K 261 
NOTE 262 
NOTE INITIAL CONDITIONS 263 
NOTE 264 
6N DOR=331 265 
6N JFMRR=0 

6N AMIFL=0 267 
6N AMRR=0 268 
6N AMCRR=0 269 
6N AARR=0 270 
6N AATFL=0 271 
6N ACMBR=0 272 
6N AMYRR=0 273 
6N AJURR=0 2T4 
6N BIN=2600 275 
6N BOFF1=0 276 
6N BOFF2=0 2TT 
6N AMJJA=0 278 
6N ACJBR=0 279 
6N DOF=331 2 
6N ANM=O 281 
6N ANAU=0 282 
6N ANSP=0 283 
6N ANOC= 284 
6N BSLL=O 285 
6N AMBR2=0 286 
6N AJBR2=0 287 
6N MJ JAA=0 288 
6N JYACR=0 289 
6N AUACR=0 290 
6N SPACR=0 291 
6N OCACR=0 292 
6N JFMAC=0 293 
6N ONAC=0 29h, 
6N DAC= 295 
6N JAC= 296 
6N FBAC=0 297 
6N MYAC=0 298 
6N JUAC=0 299 
6N AVFC= 300 
NOTE 301 
6N RCD=0 302 
6N DRR=0 303 
6N RCJ=0 304 
6N RCF=0 305 
6N RCM=0 306 
6N RCA=0 307 
6N RCMY=0 308 
6N RCJU=0 309 
6N FW=1000 310 
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TABLE B-1 continued. 


11=300 
IW=465 
I2=600 


INPUT 


FDPR. K=TABLE(FDPRT, DOR.K, 1, 360, 30) 

FDPRI*=.2728/ .2731/.2750/.2800/ .2825/ .2656/ .2538/ .2625/ 2675/2685 
/ .2762/.2806/ .2850 1962 FDER CALF PRICE 
1 )DOR/ 2) INBR, TNIF/3)TR TFDC ,AVFC,PRFIT/4)*, RCD, RCJ, RCF/5 )ONRR, DRR, 
JRR,FRR/6)*,*,*, PIFL/7)*, * JCRR, FCRR/ 8) RCM, RCA, RCMY, RCJU/9 )MRR, ARR 
,MYRR,JURR/10)MIFL, ATRL/11)MCRR/12)*, *, MYBR,JBR/13)MAXNB, BRKA, ACMB 
R, ACJBR/14 )MJJAS,JYSR, AUSR, SPSR, OCSR 
DP=1/LENGTH=14430/PRIPER=5/PLTPER=0 

HD1963 

1963 LAST YR EXPECTED PRICE 
FOT*.624/.624/.629/ .608/ .592/.565/.581/.613/.613/.619/.646/.646/. 
650 1963 FEED COST 

BPRT*= .2690/ .2690/ .2515/.2515/.237h/ .237h/.2428/.2h28/.2314/.231h/ 
© 2348/ .2348/ .2570 +2570/ .2516/.2516/ .2398/ .2398/ .2298/ .2298/ .2202/ 
-2202/ .2182/.2182/.22h2 1963 FAT BEEF PRICE 
FPMJT¥=,2531/ .2482/.2450/.2438/ .2422/ .2367/.2h22/.2348/ .2300/.2228 
/ .2198/ .2212/.2216 1963 M J FDER PRICE 
FDPRI*=.2850/.2775/ »2750/.2750/ .2710/.2612/ .2680/..2525/.2588/.2528 
/ .2564/ .2541/.254-7 1963 FDER CALF PRICE 
TBRKA¥=1/1/1/1/1/1/1/1/1/1/1/1/1/1/1/1/1/1/1/1/1/1/1/1/1/1/1/1/1/21 
/1/1/1/1/1/1/1/1/1/ .913/ .830/ .747/ .664/ .581/.498/.415/.332/.249/'.1 
SP ae 

HD1963 


1963 SEASONAL PRICE EXPECTED 

FOT*=.62h/ .624/.629/ .608/.592/.565/.581/.613/.613/.619/.646/ .646/. 
650 1963 FEED COST 
BPRT*=,2690/ .2690/.2515/.2515/.237h/.237y./ .2428/.2428/.231hK/.2314/ 
»2348/ .2348/ .2570/.2570/ .2516/..2516/ .2398/ .2398/ .2298/ .2298/ .2202/ 
-2202/.2182/.2182/.22h2 1963 FAT BEEF PRICE 
FPMJT*=.2531/ .2482/.2450/.2438/ .2h22/.2367/.2h22/.2348/.2300/.2228 
/ .2198/ .2212/.2216 1963 MJ FDER PRICE 
FDPRI*=,. 2850/ .2775/.2750/.«2750/.2710/.2612/ .2680/ .2525/ .2588/.2528 
manuf /A/ Ufa u/a/a/t/a/u/a/u/u/afuia)u/rf eer ore 
TBRKA*=1/1/1/1/1/1/1/1/1/1/1/1/1/1/1/1/1/1/1/1/1/1/1/.75/.50/ «25/0 
/0/0/0/0/0/0/0/0/0/0/0/0/0/0/0/0/0/0/0/0/0/0/0/0/0/0/0/0/0/0 
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APPENDIX C 


BASIC DATA AND SIMULATION RESULTS 


age “e 
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TABLE C-1 


Monthly Range Condition Report (as of the first of the month) 
District 5 - Sacramento Valley, California 





Source: Crop and Livestock Reporting Service, U.S. Department of Agriculture, 


Sacramento, California. 
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TABLE C-2 


Cattle Prices Used in Simulation’ 
| apr. | may | gune|] sy | aug. | sept. | oct. | ov. | pec. | Avermge _| 
Jan.-Feb.-Mar., 
good and choice, Stockton Oct.-Nov.-Dec. 


00-500 lbs. 





jvear | Jan. | rev. | mr. | 


Steer calves 


-90T- 


900-1,100 lbs. 


Slaughter steers 


26 A 
a/ Livestock and Meat Prices and Receipts, 1961; 1962; and 1963, and Livestock and Meat Statistics, 1951-60, California Federal- 
State Market News Service, Sacramento. 
b/ Based only on good grade prices adjusted to 75 percent choice, 25 percent good. 


TABLE C-3 


Feed Cost per Head per Day, Used in Simlation®! 


‘wear | san. | pen. [ames | sor. | oy | 





Paes eee eee ee 


={01- 


a/ Based on calculated ration cost in 1963, then adjusted on the basis of index of monthly barley 
prices over past ten years. 





TABLE C-4 


Summary of Simulation Results: 1954 Prices, Models A, B, C 


of cattle 
Total revenue Total Avg. Placed! Bought} Placed 
fixed|Net | range] on May & jin 
cattle] cost |1lot costs|income}]cond. | range |June_|lot 
thousand dollars 





Variable costs 














Year 

















6 PEEPS heres & ; 
OODAND VUEFWHMF COOOND UFWHre 


AAAS WINN VDOT OTT OOOO 


-108- 





TABLE C-5 


Summary of Simulation Results: 1955 Prices, Models A, B, C 


of cattle 
Total revenue Avg. Placed] Bought] Placed 
range | on May & jin 
costs] income|cond. | range |June_ |lot 


Cattle 







Variable costs 














Year 










= 
CWO OAD VFWNHrR 


er 
Rr 


MAW VW VWI TWANG VI) MAND DHT oT 


-109- 


TABLE C-6 


Summary of Simulation Results: 1956 Prices, Model A 













Pe ei co Total > 
of i: ae 
Total revenue Avg. Placed] Bought} Placed 
Net | range . May & | in 
Year cattle] cost | lot costs| income aaers ge range | Jane [bot lot 






thousand dollars findex| heads 



















OOAN UFWNHRF 


DAD AANA NAD ANY NNT NN VY NUVI 
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TABLE C-7 


Summary of Simulation Results: 1956 Prices, Model B 


= 
Year 


Cattle 







Variable costs 
i Int. 


Total number 
of cattle 


Avg. Placed} Bought] Placed 
range | on May & |in 
costs| income] cond. | range |June lot 


head 





















OMAN VFWNHFE 


MMT TIN DIY VV TY Ty VI Www 
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TABLE C-8 
Summary of Simulation Results: 1956 Prices, Model C 


pene 


Sales 
Cattle | Barley|Manure} cattle| cost |lot 









Total number 
of cattle 


Bought | Placed 
May & jin 
renee Some thot 















aE 












CO OND VUFWHH 


lk A Se a a a OL al a oO a a ee FFU 
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TABLE C-9 


Summary of Simulation Results: 1957 Prices, Model A 


of cattle 
2 meen revenue Avg. Placed 
L—___ sales _—_ range | on May & jin 
Year costs] income] cond. | range | June_|lot 









| Variable costs _| costs 














VSR MRNA PERSE Feahe s 
ODAIN VEWDF CDODOAD VEFWHF CODAND VUFWHre 


AWW DIV DTN VV DANDY WNIT OTTO WWW 
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WO ODANDND UFWNHH 


Summary 


| Bales | 


aes 


DAIWAD NAGA VIN VM VUWMWY UUUUY IA OTTO 


TABLE C-10 





of Simulation Results: 1957 Prices, Models B, C 


Variable costs . 
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MS ae number 





of Mee 
Total laced] Bought] Placed 
fixed | Net ae on May & 
costs | income} cond. ge |June lot 
a en 
83 | 4,014 986 | 5,000 
92 | 4,816 184 | 5,000 
91 | 4,530 470 | 5,000 
71 | 3,830 {1,170 | 5,000 
92 | 3,020 |1,980 | 5,000 
77 | 3,514 [1,486 | 5,000 
91 | 4,426 574 | 5,000 
81 | 4,028 972 | 5,000 
78 | 4,02k 976 | 5,000 
68 | 3,910 11,090 | 5,000 
97 | 4,682 318 | 5,000 
74 | 3,406 [1,594 | 5,000 
81 | 3,904 |1,096 | 5,000 
93 | 4,658 342 | 5,000 
86 | 4,302 698 | 5,000 
95 | 4,632 368 | 5,000 
72 | 3,716 |1,284 | 5,000 
76 | 3,614 (1,386 | 5,000 
79 | 3,720 |1,280 | 5,000 
70 | 3,518 }1,482 | 5,000 
72 | 3,594 {1,406 | 5,000 
100 | 4,820 180 | 5,000 
67 | 3,158 |1,842 | 5,000 
76 | 3,724 |1,276 | 5,000 
84 | 3,854 }1,146 | 5,000 
98 | 4,908 92 | 5,000 
97 | 4,304 196 } 5,000 
72 | 3,100 {1,900 | 5,000 
54 | 3,010 11,990 | 5,000 
73 | 3,904 11,096 | 5,000 
80 | 3,944 |1,056 | 5,000 
71 | 3,226 |1,774 | 5,000 
73 | 3,420 !1,580 | 5,000 
93 | 3,286! 719 | 5,000 
96 | 4,760 2ho | 5,000 
76 | 3,956 |1,044 | 5,000 
99 | 4,890 110 5,000 
97 | 4,764 | 236 ' 5,000 
90 | 3,960 1,140 . 5,000 
65 1,988 | 5,000 
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TABLE C-11 


Summary of Simulation Results: 1958 Prices, Model A 


of cattle 
Total revenue Avg. Placed] Bought] Placed 
range | on May & |in 
costs}|income|cond. | range | June lot 


Cattle 







Variable costs 























MMM YMYMYNYNY YVMERPRRP PRP RP 
OIA NEON CODBAD VFWHPF COOAD VFwWNnr 


WEFUU FEF UFWWE FWWUY FRFWUF FRPP Fu Fw FRE PF Wr & 
Oaooococ O©SGOOOO COOoOoOoo goocoo 000 co° Oo0000 COOCOCCO COO0O0C80 


-115- 














Year 






BRRMY MYNONN VEPRP Pee e B 
BAIN MUFWNF CGORAD UFWHH DOOID uFfwNneH 





PRP PRP PRP RP PRP PRP RPP PRP RPP PRP EPR 


. 


TABLE C-12 


Summary of Simulation Results: 1958 Prices, Models B, C 


Total revenue Total Avg. Placed} Bought} Placed 
.| fixed] Net range | on May & 
- | costs] income] cond. | range |June_| lot 


head 








Cattle 
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TABLE C-13 


Summary of Simulation Results: 1959 Prices, Model A 


Sales 
Year| Cattle 







Variable costs 


of cattle 
Avg. | Placed] Bought} Placed 
range} on May & |in 
costs| income | cond.| range |June lot 
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TABLE C-14 


Summary of Simulation Results: 1959 Prices, Models B, C 


dle gels 


Cattle 


Variable costs 
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TABLE C-15 


Summary of Simulation Results: 1960 Prices, Models A, B, © 


of cattle 
Total revenue Avg. |Placed] Bought] Placed 
Ts Sales range|on May & | in 
costs|income | cond.|range | June lot 












Variable costs 





Sales 
Year| Cattle 
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TABLE C-16 


Summary of Simulation Results: 1961 Prices, Models A, B, C 


Total number 
of cattle 
Total revenue 
sales | 






Variable costs 













Avg. | Placed] Bought] Placed 
Sales range|on May & Jin 
Cattle costsjincome | cond.|range |June_ |lot 
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TABLE C-17 


Summary of Simulation Results: 1962 Prices, Model A 


ieee | Tosca 
Total revenue . 
|. Sales | i 


Sales 
Year| Cattle 
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TABLE C-18 


Summary of Simulation Results: 1962 Prices, Models B, C 


Baer “Tees 


Sales 
Cattle cattle 





costs} income 







Avg. 
range 
cond. 





of cattle 
Placed} Bought] Placed 
on May & Jin 
ange |June_ |lot 
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TABLE C-19 


Summary of Simulation Results: 1963 Prices, Model A 


ae se 
Total revenue 7 - Bought Placed 


Year lot 


Cattle 
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TABLE C-20 






Summary of Simulation Results: 1963 Prices, Model B 
rere! 
of cattle 
Total revenue Total Avg. cn fins | Placed 
fixed|Net range] on May & Jin 
Year une 









[Manure] cattle] cost | lot costs]income | cond. 
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TABLE C-2l 


Summary of Simulation Results: 1963 Prices, Model C 


2 Sales 
Year 


Cattle 









Total number 
of cattle 


Avg. | Placed| Bought Placed 
range} on May & Jin 
cond.| range | June lot 


head 





Variable costs 
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